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Real-Time Management Control in a Large 


Scale Man-Machine System 


by D. G. MALCOLM 


Director, Operations and Management Research, System Development Corporation 


M ANY writers have described the era of “information 
technology” our society is now entering as one wherein 
the capability to formulate decision criteria precisely and 
to process information electronically will create markedly 
new patterns in management. Prognostications include a 
trend toward recentralization of many management func- 
tions, toward semi-automated management and toward 
an organizational philosophy formed around the precise 
information and communication needs of the activity. 

This chapter explores how far we have come in learn- 
ing to “design” optimum management controls, and 
presents the thesis that the prototypes of integrated and 
automated management functions are perhaps first being 
experienced in the current development of such real-time 
military control systems as SAGE and SACCS. A study of 
approaches and solutions to the design problems of these 
military systems offers some valuable parallels to the de- 
sign problems in business management controls. In the 
following pages, some of the problems that faced the de- 
signers of the SAGE system will be examined, along with 
some of the solutions now embodied in the system. Fi- 
nally, a plan to bring experience in military control sys- 
tems to bear on research at SDC in business management 
control systems will be discussed. 

However, before turning to this task, it is necessary 
to establish some points of reference in regard to cur- 
rent uses of electronic computers in the management do- 
main. 


USES OF ELECTRONIC COMPUTERS 

In the rush to apply computers to the automation of 
existing information systems, the task of redesigning a 
given system so as to be consistent with an integrated 
total company information-communication need is gener- 
ally not undertaken. Rather, an application is made in 
one component of the organization with little more atten- 
tion given to the total company system than beyond a 
compatibility check. While this approach may be justi- 
fied on grounds that improvements of this size and scope 
must start modestly and build gradually and surely, there 
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* Based upon a presentation to the Management Control Sys- 
tems Symposium, July 28-31, 1959, System Development Corpo- 
ration, Santa Monica, California. (To be published by John 
Wiley and Sons, Inc, as a chapter of a book on management 
control systems.) 
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is a growing recognition of some of the suboptimal re- 
sults that can occur. Thus, electronic computers are not 
being used in ways that tap even one-tenth of their ulti- 
mate potential in the management process—particularly 
in industry. The situation will become a matter of greater 
concern to the users of computers as the nature of this 
potential and the means of achieving it become better 
recognized. In short, the situation will appear to get 
worse before effective long range programs are designed 
and under way. 

An examination of the four major uses of computers In 
the management process will help to elaborate on the 
foregoing statement. 

The major uses of computers are: 

1. As a data-processing tool in the automation of the informa- 

tion, communication, reporting and control systems. 

2. As a design tool in problem solving in the research and 
design of management control systems, in policy determina- 
tion, and in planning studies. 

3. As a training tool in presenting tr@ining exercises. 

4. As a controlling device, in decision making—an “on-line” 
controlling device. 


For the purpose of this discussion, a management con- 
trol system is detined as a set of policies, procedures, and 
information processing, which is designed to give direc- 
tion to activities by clearly establishing goals, by meas- 
uring progress toward these goals and by indicating or 
initiating corrective action. Over the years, management 
has developed several approaches for providing control. 
Typical methods have included organization, planning, 
scheduling, inventory, quality, cost and manpower con- 
trols. It is significant to note that each of these is a 
component or function of the establishment and that the 
concept of integrated total system control still remains 
virtually unexploited. 


A DATA-PROCESSING TOOL 


Since the first installation of a large scale electronic 
computer strictly for business use in 1954, at General 
Electric in Louisville, there has been a mushroom-like 
growth in the application of computers to the routine 
automation of existing information, communication, per- 
sonnel and data reporting systems, such as payroll, in- 
ventory position and control, production release and in- 
voicing systems. Of the over 650 million dollars of com- 
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puters installed by mid-1959 and the 600 million dollars 
worth of equipment on order, it has been estimated that up 
to 90 percent of machine time will be used for applications 
in these areas. | 

It should be pointed out that most of the systems be- 
ing automated are not evaluated for the purpose of deter- 
mining whether or not they best perform the function for 
which they were initially designed. The majority of such 
computer installations are undertaken for the purpose of 
reducing time in report preparation or in an attempt to 
effect clerical savings. 


A DESIGN TOOL 


The computer is being used increasingly as the vehicle 
for research in the design of management control sys- 
tems and for policy determination. Another important 
use is In operations research. studies where complex an- 
alyses can only be performed efficiently and in a timely 
manner on the computer. These studies can, therefore, be 
categorized into two broad approaches—complete an- 
alytical formulation of a complex problem, and computer 
simulations to solve problems experimentally. 

Analytical formulations of problems using approaches 
such as linear programming have in many cases been built 
into the on-going control of operations. In a like manner, 
the simulation approach has been useful as indicated by 
the considerable number of projects undertaken in sys- 
tems design and evaluation, systems research, and plan- 
ning and training (4). The use of analyses of this type 


will be necessary for on-line management controls to 


provide the predictive capabilities desired by manage- 
ment. 


A TRAINING TOOL 


There is a growing utilization of computers in the area 
of education and training. Simulation exercises are prov- 
ing to be a most effective way of posing realistic, fast 
reacting system problems to business students, managers 
and executives. The “automated case history” approach 
provides the immediacy and realism needed to obtain 
real involvement and motivation on the part of the 
trainee. It is evident that system training in large, new 
systems will necessitate appropriate computer simula- 
tion training exercises in order to assure effective intro- 
duction of these systems. 


A CONTROLLING DEVICE 


At present, only exploratory work is under way in us- 
ing the computer directly in management decision mak- 
ing. In this category of usage the computer may be 
viewed as an “on-line” or “in-line” controller—operating 
on the information received concerning sales, production, 
changes in environment, etc., to make decisions on per- 
sonnel requirements, schedules for production, inventory 
pricing, etc., on an up-to-date basis. Such usage, to be 
effective, involves having adequate decision-making cri- 
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teria in a computer model of the company. The challenge 
facing the would-be designer of a truly integrated on-line 
control system is: 
1. To utilize the computer and associated input-output equip- 
ment as an on-line device 
2. To make the computer an effective instrument for experi- 
menting with and evaluating the effectiveness of proposed 
changes in policies, procedures and plans 


The only significant strides currently being made are 
in some of the components and functions of the business. 


REAL-TIME CONTROL, REAL-TIME COMMUNICATION 
AND REAL-TIME INFORMATION SYSTEMS 


In using a computer as an integral on-line controlling 
device, the “real-time control, communication and in- 
formation system” has evolved as a system design con- 
cept. By this is meant that the information is transmitted 
instantaneously, without conversion, into a centralized 
computer which processes it, compares it with predeter- 
mined decision criteria and issues instructions to men 
and or machmes for corrective or purposeful action. This 
may be thought of as “real-time control.” Further, the 
computer by means of direct outputs informs affected 
parties of this information as it is developed. This is 
“real-time communication.” Lastly, suitable condensa- 
tions of the above information are prepared, transmitted 
and displayed to higher levels of management for 
broader system decisions. This is “real-time management 
information.” 

The meaning of the word “real-time” lies in the fact 
that information is used as it develops and that elements 
in the system are controlled by the processed informa- 
tion immediately, not after the fact or by making 
periodic forecasts of the expected future state of the sys- 
tem. The best known examples of systems of this type are 
currently to be found in the military. It is in these appli- 
cations that we may find some guidance in the way of 
design approaches that may be useful in evolving better 
on-line management control systems. 


MILITARY OPERATING AND COMMAND CONTROL 
SYSTEMS 

In recent years the application of electronic computers 
to military operating and command control systems has 
proceeded at an increasing rate. In the Air Force these 
are referred to as electronic support systems. As an in- 
dication of the extent of interest in such systems, the 
Air Force is currently spending more than a billion dol- 
lars per year on them. However, this expenditure includes 
equipment in addition to the computers. In many of 
these systems, the computer complex is the central nerv- 
ous system which processes, integrates and analyzes the 
various information inputs, makes and communicates 
appropriate decisions, and develops the display informa- 
tion required by the ultimate human decision makers. A 
few examples of such centralized, real-time, computer- 
controlled systems are: 
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1. SACCS (Strategic Air Command Control System)—a sys- 
tem which is designed to keep the SAC Commander con- 
tinuously posted on the up-to-the-minute status of every 
SAC bomber and missile. There are several echelons of 
management control to be tied together im this system, in- 
volving a network of computers for information and control 
purposes 

2.SAGE (Semi-Automatic Ground Environment)—a_ contr 
nental air command and warning system. SAGE is a system 
designed to maintain a complete, up-to-date picture of the 
air and ground situation in the Continental United States 
and other parts of North America, to control modern air 
defense weapons rapidly and accurately, and to present ap- 
propriately filtered pictures of the air and weapons situ- 
ation to Air Force personnel who conduct the air battle 


Several similar control systems such as one for process- 
ing intelligence information and one for weather in- 
formation are under development. 


SAGE—A DESCRIPTION OF ITS FUNCTION 

From the preceding discussion it is evident that real- 
time control systems differ significantly from current 
business and logistic management control systems. To 
better illustrate the nature and scope of such real-time 
activity, a brief description of the SAGE system may 
prove useful. 

The semi-Automatiec Ground Environment (SAGE) 
system Is a vast interconnected network of air defense 
direction centers which receive information from many 
sources, process the information rapidly on AN/FSQ-7 
Military Computers, display pertinent information to 
human decision makers and generate battle orders to jet 
interceptors and other weapons in the air defense system. 
SAGE centralizes the air defense system for the handling 
of information and direction of weapons 

The air defense system requires monitoring of all air- 
erait flights in the United States and around its perime- 
ter to determine whether the- aircraft are friendly or 
hostile. Since there are close to 50,000 peheduled flights 
in the United States every day (and many more that are 
not scheduled), it is necessary that SAGE operate on the 
“exception principle.” The approach is to keep track of 
flights until they can be identified by several means, then 
reject further consideration. 


AIR DEFENSE REQUIREMENTS 


What are the management-like system requirements 
for integrated control of weapons defending a country 
from airborne attack? The various weapons and input 
sources involved are operated by the three military 
services; they are developed and improved by many dif- 
ferent companies. As a result, control. information re- 
quirements are diverse and non-standardized. The general 
requirements for an air defense control system may be 
stated approximately as follows: 


* Acknowledgment is made to R. C. Hopkins for his assistance 
in preparation of this material. A more detailed discussion of 
many points contained herein is found in (1) 
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_ Provide positive recognition of an air attack. 
. Provide up-to-the-minute status of defense capability. 
Be capable of issuing immediate defense instructions. 
_ Be operable immediately upon installation, at high efficiency. 
_ Operate on a continuous basis with high reliability. 
6. Be adaptable to a growing air defense capability. 


A brief discussion of each of these points will bring out 
some of the problems faced by the system designers and 
implementers. 


Provide Positive Recognition of an Air Attack 


In order to recognize an air attack and its changing 
character during a battle, the following system capabili- 
ties are required: 

1. Surveillance of the airspace in which air flights of hostile 

intent may occur. Detection of all aircraft movement. 

2. Monitoring of all flights which enter, or could enter the air 

space. This means most of the flights in the country 

._ Identification of all flights monitored by matching and 
correlating with flight plans or other identifying information 
When necessary, initiate direct means of identification by 
Air Force aircraft. 

_ Communicate and coordinate information on a country-wide 
basis, with emphasis on adjoining areas and the next higher 
headquarters. This description of the air situation is neces- 
sary to determine whether an attack is present or immunent 


~ 


Provide Up-to-the-Minute Status of Defense Capability 
To perform this function, the system must: 


1. Keep all echelons informed as to the status of all the various 
weapons available 

2. Provide all echelons information on the immediate stu- 
ation, both as to individual weapons and to the air and 
battle situation. This information must be suitably filtered, 
summarized and communicated for higher echelons. 

3. Provide display and/or built-in decision-making means to 
permit rapid and accurate evaluation of alternatives in al- 
location, assignment and commitment of weapons 


Issue Immediate and Appropriate Defense Instructions 


In order to provide immediate response and to effect 
control, the system must: 


1. Disseminate decisions and orders without delay to those 
who will take the necessary action. 

2. Direct, using rapid communication media, the various 
weapons to specific targets and control each to the degree 
required by the weapon design. 

3. Display the defense-in-action on suitable consoles for manage- 
ment decision making 

4. Coordinate among all operating personnel, the various 
echelons, the military services and civilian agencies involved 

5. Human factors must be taken into account in the entire 
operation. 


Be Operable, as a Man-Machine System, at High Effi- 
ciency, Immediately 

The system must function effectively the first time an 
attack occurs and under conditions of high turnover of 


diversely skilled personnel. A means for the following 
must be provided: 


1. Continual traiming of personnel in individual and team skills 
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2. Operate the system with simulated inputs to obtain experi- 
ence in operation during an attack. A high degree of realism 
is necessary to properly exercise the system and bring it to 
a high level of preparedness. 


Be Operable with High Reliability on a Continuous Basis 


To operate continuously, a high order of reliability and 
maintainability is required. This involves a set of dupli- 
cate computers as well as duplicates of other equipment 
and alternate communication lines. This factor accounts 
for a large portion of the expense of the system. 


Be Adaptable to Growing Air Defense Weapons Capabil- 

ity 

In order for the system to grow and adapt to ever 

changing weapons technology, the system must have the 

following attributes: 

1. The computer program must be modified to integrate new 
weapons that are continually being added to the defense 
This necessitates the use of a general purpose, internally 
programmed, large storage capacity computer. 

2. Changes in existing weapons, their contro! apparatus, etc 
must be handled without undue delay and rearrangement of 
the whole system. 

3. As a corollary to this, new characterization of attack con- 
figurations must be able to be added to the system. 


THE SAGE SYSTEM 


How were the complex and diverse requirements for an 
integrated air defense control system met? As one might 
expect from his experience in the automation of a portion 
of a business enterprise, the techniques and procedures 
in use which were developed over a long period of ex- 
perience were not scrapped, but rather consideration of 
their automation was used as a starting point in the de- 
sign of the new system. In all, development of the system 
involved the cooperation of thousands of individuals and 
the combined efforts of a large number of scientific, busi- 
ness and military organizations. 

In order to meet the requirements listed, provision had 
to be made for the automation or semi-automation of the 
following: 


1. Collection of information and data and elimination of noise 


=~. “ - 


Fic. 1. Map Showing Air Defense Sectors. 


Tee 


Fic. 2. SAGE Operations Inputs. 


therefrom. 

2. Sorting, correlating and further processing of the informa- 
tion 

3. Generation of displays to permit human monitoring, deci- 
sion making and intervention. 

4. Displays must include a presentation of the air situation 
and be kept current 

5. Means for identifying individual aircraft in the air situ- 
ation. 

6. Filtered and summarized displays to permit high echelons 
to make general decisions about the situation. 

7. Transmission of information and data to all points where it 
is needed. 

8. Means for deciding about the use of weapons and for direc- 
ing them against the attack. 

9. Means for computing control information and transmitting 
it to the various weapons 

10. Means for system training. 


These many functions point up the size of the task and 
the need for a uniform description of the system design. 
SAGE was therefore designed as a network of intercon- 
nected direction centers as shown in Figure 1. Here are 
shown 26 SAGE Sectors organized into 7 SAGE Di- 
visions. There is a direction center in each sector which 
receives information and data from many sources in its 
area—from radars about present positions of aircraft, 
from air traffic control centers about flight plans, from 
weapons bases about weapons status, etc. The direction 
center's data and information sources are shown in Fig- 
ure 2. At each division level there is a combat center 
which has essentially the same functions and equipment 
as the direction center. 

At each direction center, the man-machine operation 
is conducted in four principal places. These are, the 
Manual Data Input Room where information arriving by 
telephone or teletype is entered into the computer, an Air 
Surveillance Section where the machine make-up of the 
air situation is monitored and assisted, an Identification 
Section where the aircraft “tracks” shown in the air 
situation are identified by matching them with known 
flight plans and other known or requested information, 
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and a Weapons Direction Section where the individual 
interceptions of hostile aircraft are directed and moni- 
tored. In all, over 100 display consoles and some 65 mili- 
tary and civilian contractor personnel work in a SAGE 
Direction Center. 

The network of long range and gap-filling radars 
which formed the basis of our air defense system before 
and during the development of SAGE are now connected 
to their direction center by means of automated digital 
data links. Similar links connect adjacent direction cen- 
ters for the “cross-telling” of pertinent radar and other 
data. Real-time data on present aircraft positions are 
also relayed from “manual” direction centers (areas where 
SAGE is not operational) and from extensions to the 
radar net on ships and aircraft which range outward from 
our perimeter by telephone and teletype. This informa- 
tion is inserted into the computer by card punch entry 
equipment in the manual data room. Other information, 
entered in a like manner, are civil and military flight 
plans, weather information and weapons status, although 
some of the latter is by automatic data link direct to the 
computer input system, as is the radar and cross-tell 
data. Extensive voice communications are also available. 

The direction center transmits output data by an auto- 
matic digital data link directly from the computer output 
system to certain weapons, to adjacent direction centers, 
to combat centers (higher headquarters), and to radar 
sites for requesting height information. Information 1s 
also fed automatically from the computer to teletype cir- 
cuits to certain weapons systems, to adjacent manual 
direction centers, to higher headquarters, ete. Associated 
with one of the direction centers in each SAGE Division 
is a Combat Center where the next higher echelon or 
organization operates with filtered and summarized data 
from the direction centers under its command. 


A REVIEW OF SAGP DESIGN FEATURES 

The Direction Center is the smallest self-sufficient 
component in the SAGE system. The Direction Center is 
& man-machine data processing and on-line control com- 
plex, at the heart of which is a pair of large, high-speed, 
general purpose digital computers generally referred to as 
the Q-7 Military Computer. Associated with the com- 
puters are the necessary input and output systems and 
other auxiliary equipment. Two computers are “duplex” 
to provide the necessary reliability and maintainability. 
If one computer should fail the second can take over 
immediately. The magnitude of the SAGE task may be 
best realized perhaps by the fact that the operating com- 
puter program, which has to be designed to include every 
function of air defense in which the computer is involved, 
consists of approximately 100,000 individual instructions 
and that these programs, together with programs in- 
volved in system training and in the production of the 
programs themselves, involve on the order of a half-mil- 
lion instructions. 
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In Figure 3 the system design of SAGE is depicted in 
block form. Here the manner in which the human and 
automated decision-making activities are made, the 
closed loop feedback of control and monitoring informa- 
tion, and the central role of the computer are illustrated. 
Features of the SAGE system design include: 


On-Line Control Features 


1. Automated and semi-automated real-time assemblage of in- 
formation from many sources 

2. High-speed communication of assembled information to the 
computer through imput systems that provide for some 
monitoring and noise elimimation, for sorting, temporary 
storage, and buffering between real-time and computer 
processing cycles. 

3. Use of the above-mentioned automatic transmittal features 
for communication with many and various types of agencies 
and equipments including weapons systems, individual weap- 
ons, other computers, higher headquarters. height finders 
(requests for inputs), ete. 


Decision-Making Features 


1. Use of an on-line, man-computer, sample-data system for 
control purposes. 

2. Use of an extensive, multi-informational, dynamic display 
system to permit human monitoring, intervention and deci- 
sion making. 

3. Use of on-line, low-level decision making by the computer 

4. Automatic display in real-time of decision alternatives by 
the computer. 

5. Man assistance of and intervention in machine information 
processing by real-time monitoring. 


Display Features 


1. Use of approximately 4000 data selection buttons, 130 action 
buttons, and 64 light guns for direct communication between 
the operators and the computer. 


Provision for Simulation 
1. Built-in simulation and recording equipment and program- 


ming for system tramung. 


Error Correction Features 


1. Use of duplicate equipments and self-<diagnostic and self- 
error-detecting maintenance procedures to achieve very high 
reliability in operation. 
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Data Processing Features 


1. Use of a general purpose information processing and com- 
puting device with large and readily available information 
storage capacity and with very high speed computing ca- 
pability. 

2. Automatic real-time transmittal of control and other op- 
erational information in digital form through a versatile out- 
put system that sorts information according to destination 
and acts as a buffer between computing cycles and trans- 
mitting equipment. 

3. Use of a large integrated computer program of some 100,000 
instructions which includes and ties together 100 subprograms 
and handles thousands of types and varieties of information, 
controls the sequence of operations of all subsystems, per- 
forms all information handling and computing tasks, and 
assists in evaluation of alternatives and in decision making 


A comparison of the SAGE computer itself with some 
of the modern scientific commercially available com- 
puters may be of interest. The SAGE computer was de- 
signed in the period 1951 to 1954. Since the computer is 
produced by the International Business Machines Com- 
pany who, together with Massachusetts Institute of Tech- 
nology’s Lincoln Laboratory, also created the design, it 
is most appropriate to make a few simple comparisons 
with the latest of IBM’s computers. Table 1 compares 
the SAGE computer (two of which are in each direction 
center) with the IBM 704, 709, 7090, and the Q-7A em- 
ployed in the combat center. 

APPLICATION OF SAGE EXPERIENCE TO THE DESIGN 
OF MANAGEMENT CONTROL SYSTEMS 

The SAGE experiences can be appraised from several! 
standpoints. The hardware, the air defense characteris- 
tics, and thé computer programming, are a few. The pur- 


pose here is to explore the experience from the point of 
view of the manager who must initiate effective pro- 
grams, provide sufficient resources and develop a proper 
organization for the system. The following may offer 
guidance to managers who desire to develop a real-time 
management control system. 


SYSTEMS ANALYSIS APPROACH 

In reviewing the development of SAGE one is im- 
pressed, first, with the fact that several years were taken 
in its design. Further, as has been pointed out, in design- 
ing a system of this magnitude the primary focus was 
on determining precise system requirements. Thus, in 
many respects SAGE has evolved from answering the 
question, “What must we have in the way of a system?” 
to asking “What can we do to improve or automate exist- 
ing practices?”. As we look over the current process of 
creating new management control systems in either the 
military or in industry, it becomes obvious that the latter 
approach is often the easiest to justify and has therefore 
been the traditional route. 

The design process stemming from asking the former 
question, which in essence becomes “What is the best sys- 
tem?” is often called the systems analysis or systems en- 
gineering approach to the problem. Thus, one principle in 
creating a new system involves a careful look at the re- 
quirements of the system via the systems engineering ap- 
proach. A list of steps involved in this approach follows: 


Establish criteria for management information needs 


1. Determine current information, decimon, display, and report 
practices, using a grapiical flow form 


TABLE 1 


Comparison of Computer Charactertstics 


haracteristice SAGE ( omputer 


Word Length (Bits) 32 
Min. Computation Cycle (a Bers, ) 12 


Max. Random Access 
Storage Capacity (Bits) 


te 
tw 
te 


Random Access 
Storage Time secs.) 


Max. Drum Storage 
Capacity (Bits) 


Total Maximum 
Internal Storage (Bits) 


Max. Number of Tape Units 

Card Readers or Entry Punches 

Output Printers 

Live Input-Output Features Yes 


Tubes (Approx.) 58 , 000 


24 24 4.8 2 


1.170.648 


204 912 204 912 None 


1,474,560 1,474,560 


5,000 10,000 (Transistorized) 


IBM 709 IBM 7090 AN/PSQ-7A_ 
(Improved SAGE 


46 1s 


w! 


1,179,648 3,932,160 


13,569,344 


1,179,648 17,301,504 


10 458 } 16 
l 3 l 
3 | 

Not Included in | Yes 


(Transistorized ) 
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Make preliminary system design 


1. Develop a preliminary statement of system requirements, Le 
specify reporting frequencies, types and routing of reports, 
type of equipments, displays, ete 

2. Determine what to automate or computer program and what 
to leave as currently performed 


Evaluate preliminary design 


1. Determine hardware cost, training implications 
2. Assess the nature of the improvement to be gaimed 


Develop a revise d model of the proposed system 


1. Test the design using the systems analysis approach 
2. Use of an approach involving simulation or gaming to obtain 


the participation of the ultimate users. 


Develop system specifications 

1. Install, de-bug, modify, extend the system 
SYSTEMS TRAINING APPROACH 

In providing a major resynthesis such as the SAGE 
system, it has been found necessary to train people in the 
new methodology. Training in SAGE involves elaborate 
computer simulations of a predicted attack environment. 
This requirement represents a new concept to the man- 
agement world. Basically, the justification for elaborate 
training stems from the fact that there is no other way 
to adequately prepare people for the acts that they would 
have to perform under a real attack situation. 

An important additional value in this approach is the 
proficiency obtained by operating the system as a whole, 
involving the communications and interrelations of many 
people and machines. The proficiency of individuals, 
then, is properly judged by measures In the total system 
context. One would not want.to, for example, emphasize 
performance at one part in the system that would act to 
the detriment of the total system. To adequately demon- 
state proper performance in such a broad system, a com. 
prehensive means of training using simulated exercises 
has been provided. In short, one wants to train each per- 
son to act in an optimal way from the total system point 
of view. Thus whether the environment is real or hypo- 
thetical (as in SAGE) is not the only factor in determin- 
ing the need for simulation in training. 

Thus, if a drastically new concept of management con- 
trol is to_be developed, it appears quite likely that the 
installation time, the acceptance, and therefore even the 
ultimate efficiency attainable by the system, will be con- 
siderably enhanced by appropriately designed simulation 
exercises along with proper criteria for meas..ring indi- 
vidual performance in relation to total system per- 


formance. 


ORGANIZATIONAL DYNAMICS 


In the design and implementation of SAGE, the ability 
to centralize many activities has been made possible. As 
the Air Foree perceived the comprehensive changes in 
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the Air Defense Command structure required to support 
these concepts, it organized the air defense function more 
centrally, using the control system as the guiding struc- 
ture. Further, in developing the over-all SAGE system 
itself, it was found necessary to create a proper man- 
agement organization to guide the process of design and 
implementation. The concept of a system manager, or 
ESSPO (Electronic Support Systems Project Office), has 
come into being with the mission to properly manage 
the joint efforts of system analysis, system design, com- 
puter manufacturer, computer programming, and system 
training activities. 

While the following is a very broad generalization, it 
would appear the quickest route to effective development 
of a truly integrated management control system in- 
volves proper points-of-view on the part of management 
in regard to the possible effects on organization; that is, 
the possibility of recentralization and elimination of cer- 
tain functions must be within the system designer's scope. 
In addition, it appears necessary that the organization to 
perform the system analysis must have proper organiza- 
tional status itself and that top management plan for 
the necessary lead time for this activity. While quite evi- 
dent, the thought should be emphasized that top manage- 
ment support and participation is vital in order to ob- 
tain results. 


ADVANCES IN MANAGEMENT TECHNIQUES 


On-Line Control—A Technical Achievement 


The SAGE system has proven that an on-line, direct 
read-in read-out, integrated computer operation is pos- 
sible. This is an important technical achievement that 
can have significant implications in the management con- 
trols area. The feasibility of utilizing this feature can 
best be determined by a systems analysis bringing out 
the cost and effectiveness of the application. 


Management-By-Exception® 

The large data processing capacity available in SAGE 
made possible a centralized operation with large masses 
of data carefully sorted by built-in criteria. The outputs 
presented to the decision maker are only the exceptions 
requiring attention. This feature could be extended in 
current management control systems on a centralized 
basis. 


Interrogation, or Fast-Simulation Possibilities 


The ability for the human monitor to ask the com- 
puter certain questions like “what would happen if I is- 
sued this order?” has been also demonstrated on SAGE. 
This interrogation feature, utilizing “fast-simulation,” 


* Examples of this feature are found in certain military manage- 
ment controls. For example, the PERT system in the Navy Polaris 
program permits all of the planned activities in that program to 
be monitored centrally by the exception principle (3). 
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requires the building of analytic models for desired pre- 
dictive purposes. Using appropriate models, this capa- 
bility can be applied in an on-line basis in management 
control systems. 


PRECISE FORMULATION OF OBJECTIVES FOR COMPUTER PRO- 
GRAMMING 


In utilizing computer-based systems it has become 
quite evident that there is need for precise formulation 
of what’s to be done by the computer program and pre- 
cise, as well as concise, computer programming languages. 
In this regard considerable activity is required; first, to 
develop precise statements of objectives, translate them 
into appropriate analytic models of the problem and 
thence into operational instructions, for the computer 
programming task; secondly, to recognize and participate 
in the development of appropriate computer languages to 
facilitate the large labor involved in computer program- 
ming and; thirdly, to develop and test adequate decision- 
making criteria required in the formulation of those func- 
tions to be automated. This field of computer program- 
ming development requires considerable augmenting in 
building total system management controls. 

To perform the computer programming task—perhaps 
the most complex, difficult and time consuming task, has 
been the increasing refinement and coverage expected of 
SAGE as new weapons are added. The computer pro- 
gram must be comprehensive enough to handle a wide 
variety of possible situations and must include precise 
rules (or formulae) for handling these situations. Speci- 
fying these rules—making certain they are the right 
ones, are efficient, etc..—is a task referred to as formula- 
tion. Once the situation to be controlled is recognized and 
the rules are determined, the task of designing the pro- 
gram can be done. 

The point of these remarks is to stress the need for 
continued research in the area of computer programming 


techniques in view of the fact that it is a very rapidly 


changing technology. It appears likely that any approach 
to systems design will involve a team of many skills, 
including engineers, mathematicians, psychologists, stat- 
isticians, computer specialists, management and system 
specialists. 


BUSINESS MANAGEMENT CONTROL SYSTEMS RESEARCH 


The remarks of Leavitt and Whisler in their provoca- 
tive article, “Management in the 1980's,” are appropriate 
at this point (2). Perhaps the way of Management Con- 
trol Evolution may be epitomized by their observation 
concerning the growing “information technology”: 

... the upshot of Taylorism (Scientific Management, Industrial 
Engineering Approaches) seems to have been the separating of 
the hourly worker from the rest of the organization, and the 
acceptance by both management and the worker of the idea that 
the worker need not plan and create. Whether it is psychologically 
or socially justifiable or not, his creativity and ingenuity are left 
largely to be acted out off the job in his home or his community. 


One reason, then, that we can expect top acceptance of informa- 
tion technology (automatic decision making in effect) is its im- 
plicit promise to allow the top to control the middle just as 
Taylorism allowed the middle to control the bottom. 


It has not been the purpose of this discussion to assert 
positively that the approach in military real-time con- 
trol systems, which has been quite effective in the mili- 
tary application, is either necessary or practical cost-wise 
in the management control domain. While the concept 
appears quite promising, these are questions that can 
only be resolved by further study. The possibility of 
developing a comprehensive, integrated, total company 
on-line controlling concept is worth serious study. If the 
lead time can be reduced in arriving at the desiderata of 
truly designed information-communication systems, a 
significant contnbution to the management field would 
be made. 

To explore the nature of the research, a project in 
Business Management Control Systems Research has 
been established. This research project is aimed at de- 
veloping a generalized computer model of a business, one 
which will permit experimentation with certain policies, 
procedures and organization (5). Hopefully, this research 
will lead to some answers to questions concerning cost 
and effectiveness of various management control system 
approaches. The results may some day permit us to truly 
design management control systems that are more nearly 
optimum from all points of view. 
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Industrial Engineering and Mathematics 
at the Department Head Level 


by MELVIN R. WITMER?® 


Industrial Engineering Division, Eastman Kodak Company 


Van Ross is plant manager. His plant manufactures 
casings. Smith is department head. His department pack- 
ages casings. Van Ross is talking to Smith on the tele- 
phone. 

Van Ross—Smith, | have your labor analysis sheets 
for March. 

Smith—Um. 

Van Ross—-What goes with your direct packaging 
labor? You're 10° over standards this past month! 

Smith—Overtime. We had some bad days and had to 
work a couple of Saturdays. 

Van Ross—What about maintenance? It’s up another 
notch again. 

Smith—More downtime. You know we can’t afford to 
let our packaging machines sit idle. The investment is 
too great. We had to get another mechanic. 

Van Ross—This looks like your month, Smith. You 
scored 100%. You're up in your inspection costs too. Did 
you get another inspector? 

Smith—Had to. Those tighter specifications you sent 
down are giving us more rejected work than we figured 
on. 

Van Ross—Look, Smith, this spiral has got to stop. 
Our costs are going up each month. 

Smith—Um. 

Van Ross—Let’s keep them in line. Looks bad at the 
home office when our costs are continually over last 
month’s figures. 

Smith—Um. 

The case of “Van Ross and Smith versus Spiralling 
Costs” is common, For some years now, adequate meth- 
ods have existed for controlling direct labor costs—at 
least Van Ross knows that Smith is “10% over” in di- 
rect costs. But Van Ross does not know where Smith 
stands on maintenance or inspection costs. All that Van 
Ross knows is that indirect costs in these two areas are 
going up. 

Smith’s problem is aggravated by the fact that his in- 
direct costs are becoming a bigger and bigger part of 
total product cost. Smith, and many of Smith’s counter- 


‘Based upon a presentation to the Rochester Chapter, Ameri- 
can Institute of Industrial Engineers, February 1, 1959. 

* The writer expresses his appreciation to Edward J. Carstens, 
Gordon L. Fiske, Elmer W. Same, Jr.. and Daniel E. Suter for 
their kind assistance in the work reported and in the preparation 
of this article. 
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parts all across industry, need better methods for con- 
trolling indirect costs. This section proposes a method 
for establishing maintenance labor and inspection labor 
standards. 


THE MAINTENANCE PROBLEM 


Smith may have been wrong in one thing he told Ins 


we can't afford to let our 


.", may have been in 


boss. Smith’s comment, “. . . 
packaging machines sit idle . 
error. 

When a group of mechanics service a battery of auto- 
matic machines which have random breakdowns, there 
are generally two extremes in cost. One extreme is to 
have too much downtime as a result of not having enough 
mechanics. (This is what Smith wanted to avoid at all 
costs.) The other extreme is to have too many mechanics. 
The costs of these extremes are shown in Figure 1. 

Cost of mechanics is proportional to the number of 
mechanics in the group. Downtime costs decrease as 
mechanics are added to the group. The more mechanies, 
the less the machines have to wait for service. Adding 
these two costs gives the total cost curve. The minimum 
point indicates the optimum balance between excessive 
downtime costs and excessive maintenance costs. 

Smith’s department may have been operating at the 
minimum point. But chances are, it was not. 

Let us take a look at Smith’s problem and find the 
answer he should have given Van Ross on maintenance. 

Smith’s packaging department packages about 7 thou- 
sand casings in-a four week period. To do this, Smith has 
20 automatic machines. One operator runs two machines. 
Machines have breakdowns at random intervals and re- 


Optimum Total 
Point st 
a 
8 Maintenance 
Cost 
Number of Mechanics ——_—_— 


Fic. 1. Effect of Mechanics on Cost. 


The Journal of Industrial Engineering 111 


a 


100 

---- 

3 90 | 

4 

80 

4 

2 

= 60 | 

me 0 ] 2 3 4 5 6 7 - 
Number of Mechanics 

Fic. 2. Results for 20 Machines: Average Machine Run Time 


versus Number of Maintenance Mechanics. 


quire the service of a mechanic. When mechanics are not 
needed on the machines, they are non-productive—there 
is no fill-in work. Smith had 6 mechanics, and last month 
added a seventh to further minimize the time his ma- 
chines were down waiting for a mechanic. Did Smith 
make the right decision? 

Before this question can be answered, we need an- 
swers to the following questions: 

1. What are the total costs using 7 mechanics? 

2. What would the costs be if Smith had 8 mechanics’? 6 

mechanics? 5? 4? 3? 2? 


What are total costs now? Analysis of historical data 
shows that the present variable unit cost, with 20 ma- 
chines and 7 mechanics is $4/1000 units. 

What would the total costs be if Smith had 8 me- 
chanics, etc.? The answer to this question involves the 
use of “waiting line” equations or simulation to estimate 
the amount of run time which could be expected if there 
were more or less than 7 mechanics. 

Developing the answer mathematically or by simula- 
tion is generally more practical and faster than making 
actual changes in the labor force and later observing his- 
torical data. 


aa 

Optimum Point 

i i i i i i i 

0 ] 2 3 4 5 6 7 8 


Number of Mechanics per Shift 


Fic. 3. Variable Cost for 20 Machines: Cost versus Mechanics for 
a 4 Week Requirement of 7,000 casings. 


The results from the use of the waiting line equations 
show that for each different assignment of mechanics 
to machines, a value of average run time can be pre- 
dicted. These results are shown in Figure 2. 

As one would expect, average run time increases with 
an increase in the number of mechanics in the group. 

Graphing the results of cost calculations for various 
numbers of mechanics shows the relationship between 
cost and mechanics, Figure 3. 

Now, Smith’s decision to add another mechanic can 
be evaluated. Minimum total cost occurs with 5 me- 
chanics servicing 20 machines. Smith’s drive to “keep the 
machines running” caused him to overlook the cost of 
idle maintenance labor. Balancing both the cost of ma- 
chine idle time and the cost of mechanic idle time will 
help Smith reduce maintenance costs. 

Results such as those in Figure 3 indicate the direction 
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Fic. 4. The Maintenance Model: Total Cost versus Capacity 


for Smith to be headed. But, let’s be practical. Smith's 
schedule is not constant. What about the months when 
the schedule calls for 5 thousand casings or 8 thousand 
casings instead of the average of 7 thousand? 

For periods of low schedules, Smith's recourse in the 
past has been to cut back the number of machines op- 
erating. But what happens to the maintenance crew if 
only 16 or 18 machines are scheduled? . 

In the same manner that unit costs were determined 
for combinations of 20 machines and 3 through 8 me- 
chanics, they can be determined for_groups of 16, 18 and 
even 22 machines. For each assumed situation, the 
average run time is determined from waiting line equa- 
tions, unit costs determined, and capacity calculated. The 
results are shown in Figure 4. 

Smith now has a useful tool. It can be used in day to 
day scheduling, in establishing maintenance labor stand- 
ards, and in making decisions on new equipment. 

Scheduling—Given a month’s or week’s schedule, 
Smith can plan to use the combination of machines, op- 
erators, and mechanics which will yield minimum cost. 

Maintenance Labor Standard—For a week’s schedule 
of 2 thousand casings, Smith can expect to use 600 total 
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New (Quality Limit 2% 
ective 


Previous Quality Limit 3° 
fective 


Labor Required 


| per year 25,000 hours 47 ,900 hours 
Labor Cost 
per year $100 ,000 $192 ,000 


Fic. 5. Comparison of Inspection Systems. 


maintenance hours. (5 men 8 hours/shift ¥ 3 shifts/ 
day < 5 days/week 600 hours.) To this standard, he 
ean compare the actual hours incurred. 

Deciding on additional equipment—Smith has a con- 
venient means for making a decision on purchasing addi- 
tional machines. The cost of expanding capacity by pur- 
chasing additional machines can be compared to the 
cost of expanding capacity by adding more mechanics. 


CONCLUSION 

Day by day and week to week decisions on the number 
of machines and operators to schedule and the amount of 
maintenance to provide are all based on minimum cost 
criteria. This is using results of mathematical techniques 
at the department head level. 


THE INSPECTION PROBLEM 

Smith was on the defensive on inspection costs. Last 
month Van Ross sent down tighter quality specifications. 
Smith thought he could live with them and did not plan 
for any additional labor. 

Things are not working out that way. Smith is having 
more rejected work than he planned, has boosted his 
inspection labor, and is now being nailed from “the top” 
for letting his costs get out of hand. 

Smith’s answer to this problem should have started 
last month—when the new specifications came through. 
At that time, Smith should have prepared a quantitative 
answer as to what the new specifications would mean 
in terms of labor. He would have been able to predict 
the recent upswing in labor requirements, and could have 
met any objections with cold, hard facts—such as those 
in Figure 5. 

With the facts, Smith can show Van Ross how much 
the tighter specifications will cost. But this is not enough. 
What Smith should do is show Van Ross how much 
actual improvement in quality will result. Let’s help 
Smith prepare an answer for Van Ross on this one. 

Smith's packaging machines have averaged 1.3° de- 
fective over a long period of time. From week to week 
it may range from 142% defective to 5% defective. In 
the past, specifications on casings called for an outgoing 
quality limit of 3° defective. To meet this requirement, 
Smith was using a well-planned continuous sampling 
plan. There were four inspectors each shift. 

Now the quality limit on outgoing lots of casings is 
2% defective. Smith had new acceptance points de- 
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veloped for the continuous sampling plan so that the 
outgoing quality limit would be 2% defective. Smith 
was shown an operating characteristic (O.C.) curve for 
his new plan. (Things seem to be in order.) But at this 
point, Smith’s information stopped. Labor requirements 
were not predicted from the O.C. curve nor was an esti- 
mate made of the actual improvement in quality. Figure 
6 shows the information Smith should have received. 

With facts like these, Smith could have presented Van 
Ross with an analysis of what the cost increase and im- 
provement in quality would have been for tighter specifi- 
cations. If Van Ross still wanted to tighten specifications 
after seeing all the facts, he would have done so know- 
ing that next month Smith’s inspection labor would be 
increased. 


WHAT ABOUT AN INSPECTION LABOR STANDARD? 

The preceding analysis is fine for evaluating the effect 
of changing specifications. But what is Smith to do on a 
day to day or week to week basis? 

In Smith’s department inspection labor depends on 
the amount of production and the amount of rejected 
work which has to be sorted. The overall percentage of 
production which has to be inspected varies. Some weeks 
are good, some are bad. 

The tool that Smith needs is one which will allow him 
to set an inspection labor standard. Actual performance 
could then be compared to the standard. 

In Smith’s weekly quality reports he receives an esti- 
mate of average incoming percent defective and a report 
on total production. Using these two facts from his 
weekly reports, Smith can use the chart in Figure 7 to 
find the “standard” inspection hours for the past week. 
He can compare actual performance to this standard. 

In addition to enabling Smith to arrive at an inspec- 


Besis for Chart: 
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Detective from Peckeging 
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Removed by Inspection 


12,541 Defects 
Removed by Inspection 
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Shipped in « Tote! of 
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78,459 Defects 
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6,967,459 Unite (1.12% Def.) 


improvement in Quality: (1.30 - 1.12 = 0.18%) Imerovement in Quality: (1.30 - 0.99 0.32%) 


Inspection Labor Cost: $7,668 inapéection Labor Cost: $14,780 
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Defect Removed: 12,541 
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tion standard, the chart shows dramatically the ad- 
vantages of keeping the incoming percent defective low. 

From this chart, Smith can estimate how much en- 
gineering time can be spent on further improving the 
machines to improve quality. Smith is close to the ma- 
chines. He can take the initiative in planning quality im- 
provements. He knows how much he can afford to spend 
on changes which will decrease the percent defective 
a significant amount. He may be able to shift the em- 
phasis from spending money to sort out defects to spend- 
ing effort to prevent them from being produced in the first 
place. 

This is Industrial Engineering and mathematics at the 
department head level. 

Van Ross has Smith on the telephone. 

Van Ross—Smith, I have your labor analysis sheets 
for June. 

Smith—Yes? 

Van Ross—What’'s this “maintenance-standard-hours”’ 
figure? I didn’t know you had one. 

Smith—Our engineers have helped us set up a method 
of balancing downtime costs with maintenance costs. 
That standard is the amount of maintenance we should 
have used for our month’s production. We were over this 
month, but we know what happened, and by next month 
we should hit our standard. 

Van Ross—Balancing costs, eh? How did you do that? 

Smith—Well, you see, when you've got a situation like 
ours, you need to look at ... and that’s about it, the 
systems are in and working. 

Van Ross—Say, Smith, bring those maintenance and 
inspection charts along over to the office with you. I'd 
like to talk to you more about this. I think you have 
something the home office would want to know about. 


CONCLUSIONS 

With more refined techniques available for solving 
problems, there may be a tendency for Industrial En- 
gineers to become technique-oriented. But techniques 
to the department head are not important. The value of 
Industrial Engineers in the future, as it has in the past, 
depends on results, not techniques. 

Effort must be applied to insure that: 
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7. The Inspection Model: Inspection Labor versus Per Cent 
Defective at Different Weekly Production Levels. 


Results of mathematical or simulation solutions to industrial 
problems are practical. 

Results are in a form easy to use by production personnel. 

Results are permanent. Here are the results for today. Will they 
be useful tomorrow when our production rate goes up? When 
the new machines arrive? When the labor force gets a gen- 
eral rate increase? When quality specifications are changed”? 


This is one of the challenges to the Industrial Engineer 
who applies mathematical solutions to industrial prob- 
lems. 


SECTION Il 

This section presents two important points—one is the 
theory behind the models presented in the preceding 
section, the other is the problem of keeping these models 
up to date in the face of changing conditions. 

This latter point is real. Today, much of the effort of 
Industrial Engineers is spent on the maintenance of exist- 
ing standards. Changing conditions are just as much a 
threat to inventory models, maintenance models, inspec- 
tion models, and scheduling models. Changes should be 
expected and planned for in the model. 


THE INSPECTION PROBLEM 

Theoretical Considerations—The inspection model is 
an extension of sampling plan calculations. From the 
operating characteristic curve for each sampling plan, 
it is possible to predict the amount of work which will 
be accepted, retested and rejected. 

Figure 8 shows the incoming lots which Smith can ex- 
pect to accept, retest, and reject at certain defect levels. 
“Units inspected” is then translated into labor require- 
ments. This final step of including labor analyses based 
on statistical sampling plans is an important step to the 
department head using the plan. 

Keeping the Model Up to Date—Changes in defect 
levels of many operations occur frequently, particularly 
on a short term basis. It is often these occurrences of short 
term variations which cause a department head to ques- 
tion the adequacy of the statistical sampling plan. 

Relating labor requirements to changing defect levels 
and changing production levels gives the production de- 
partment head an understanding of causes behind fluctu- 
ating labor loads. 

The inspection model presented in the preceding sec- 
tion of this article can adapt to changes in production 
and defect levels. A change in quality specifications or a 
change in inspection methods would necessitate basic 
changes in the model. 


THE MAINTENANCE PROBLEM 

Theoretical Considerations—The maintenance model 
in the first section was developed from results of waiting 
line calculations made for different combinations of ma- 
chines and mechanics. Waiting line calculations were 
used to predict average run time for machines serviced 
by mechanics. 


The Journal of Industrial Engineering 


114 Volume Hi: Me, 2 


— 


- _ 


1000 lots, 7000 Casings per Lot 
Accept lot on 4 or less defects 
Retest lot on 5, 6, or 7 defects 

— Reject lot on 8 or more defects 
Accept on 7 or less defects 
Reject on 8 or more defects 


Basis for Chart: 
Sample 125/lot 


Retest 300 /lot 


Assumed incoming quality = 1.3% defective 


SAMPLE 
% Defective Incoming No. of 
Quality Lots Accepted Retest 
0 300 300 0 
l 340 337 3 
2 210 187 23 
3 62 24 
4 30 13 13 
5 10 | 3 4 
6 10 l 4 
7 5 | 0 | I 
| y 2 0 0 
| Totals 1000 903 73 


Total Inspected: Sample — 1000 loteX 125 =125,000 


| Retest io x 21,900 
| Sort 24 < 7000 = 168 ,000 
| Sort 44 x 6700 = 294 , 800 
Total 609 , 700 
609 
% Inspection = 8.7% 


7,000 ,000 
Total Defects Present = 1.3% X7,000,000 = 91,000 


Initial Sample 
Retest 


Defects Removed: 


Total 
Defects Sent Out =91 000 — 22,935 =68 ,065 


=1 3% X125,000= 1,625 
=3.2%X 21,00= 700 
Sort =5 6% X 168.000 = 9,408 
Sort-Retested lots = 3.8% K 294 ,000 = 11,202 


RETEST 
| Aecept Reject 
Reject | Retest Retest Ace. | Rej. 
0 0 0 
o | 3 0 | 340 | 0 
0 | 17 65 204 6 
4 | 1 12 | 14 | 16 
3 0 7 
5 | 0 4 1 l ) 9 
4 | 0 l } 0 | 5 
2 0 3 
24 | 29 | 44 932 | 68 
| 


_— 


22.935 


Fic. 8. Analysis of Inspection Plan. 


Before analytical equations could be used to calculate 
run time, data had to be tested to determine if frequency 
distributions of machine run time between service calls 
and mechanics’ service time per call followed the Pois- 
son-type distribution. However, if the distributions were 
not of the Poisson type, a simulation technique could be 
used." 

Whether a mathematical or a simulation model is used, 
the objective is the same: to estimate machine effective- 
ness. From this estimate of effectiveness, unit costs and 
monthly or weekly capacities can be calculated. 

Keeping the Model Up to Date—The maintenance 
model (Figure 4) that our department head, Smith, used, 
included one built-in “hedge’—a hedge against sys- 
tematic changes in production. 

Other changes which are likely to occur are: 


* Both waiting line theory and simulation are being used more 
and more by Industrial Engineers as an aid in quantifying prob- 
lems in areas other than machine maintenance. Some inventory 
type problems, for example, can be quantified by waiting line 
models. 


March—April, 1960 


1. Changes in machine production rates. 
2. Changes in pay rates for operators and mechani¢s. 


These would be planned changes. Another change 
which would have a creeping effect would be a change in 
service requirements of the machines. This could evolve 
in several ways: machines getting older could gradually 
cause more maintenance, or as mechanics improve serv- 
ice time may decrease. 


PLANNING FOR THESE CHANGES 


The minimum point on each curve of the maintenance 
model of Figure 4 represents the optimum balance be- 
tween downtime costs and maintenance costs. 

Maintenance cost is the labor cost of mechanics. But 
what are downtime costs? When machines are down, the 
operator and machine are both idle, unable to produce. 
Machine cost is fixed, unless as a result of an extreme 
amount of downtime more machines have to be pur- 
chased to build up capacity. In most cases, the variable 
downtime cost is the cost of having the operator idle. It 
is this operator cost which is the downtime cost in the 
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Log . Downtime 
Fic. 9 Mechanics per 2 Machines versus Downtime per Machine. 


maintenance model presented. Repeating, the minimum 
point on each curve represents the optimum amount of 
downtime for each machine or operator. 

What effect does an increase in machine speed have 
on total costs? If the annual requirement does not 
change, an increase in machine speed would indicate that 


Operation Cost = | “Machines Running’”’ Which Either or 


- Operators’ Rate for Hours Out of 101 
x 
| Condition 


Maintenance Cost = | Mechanic's | X | 100 hours! X Mechanic 
_ Rate 


Avg. Prod. ines | That Out of 100 
x 


Total Production = | When 2 Machines That 2 Machines 
| Run Rup 


since the machine can turn out more production per unit 
run time, it can afford to be down more of the time. 
Hence, the optimum balance may shift in favor of fewer 
mechanics, allowing machines to wait longer for the serv- 
ices of a mechanic. 

What effect does an increase in pay rate for operators 
have on total costs? An increase in operators’ pay means 
that downtime costs increase. The optimum balance may 
indicate more mechanics should be used to further re- 
duce time that machines have to wait for service. 

These changes did arise in Smith’s department. The 
question is, what model can be developed today that will 
be able to adapt to these changes? The following is the 
answer Smith received: 


BACKGROUND 

There are 20 machines in the department. Two ma- 
chines are set up in one battery. One operator runs 2 ma- 
chines. 

When any one of the machines is running, the operator 
is paid $R per hour. When both machines are down, the 
operator is paid $D per hour. When both machines run 
at the same time, the production rate is P, units per 
hour. When only 1 machine runs, the production rate 
is P, units per hour. The mechanic is paid $M per hour. 

It was found that the number of mechanics per two 
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Both Machines Run 


machines could be related to the amount of downtime per 
machine, Figure 9. 

This relationship provided a means of stating the 
number of mechanics per 2 machines in terms of down- 
time. 

Mechanics 
= 3.1 (downtime)~ 
2 machines 


Using the foregoing information an expression can be 


derived for total cost as a function of mechanics cost 
and downtime (operator labor) cost. 


Total Variable Labor Unit Cost Per 1000 Units 


(Operation Cost) + (Maintenance Cost) 


- (Total Production) 
1000 


On the basis of 2 machines scheduled for 100 actual 
hours, the cost relationship is: 


) in Operators’ Rate Hours Out of 100 in 
+ | When Neither of the x Which Both Machines 


Machines Run are Down at Same time 


Average No. of 
s per 


2 Machines 


Avg. Prod. Rate/Hour Hours Out of 100 
+ | When Only 1 Machine | X | That Only 1 Machine 
Runs Runs 


Let 
) = Total unit cost /1000 units 
$R.,. =Operator’s rate when machines are running 
$D., =Operator’s rate when machines are not running 
$1 = Mechanic's rate 
P, = Average units produced per hour when only 1 
machine runs 
P,= Average units produced per hour when 2 ma- 
chines are running 
X =Hours of machine downtime out of 100 actual 
hours ‘machine 
100 —X¥ =Amount of machine run time out of 100 actual 
hours 
AX? Hours out of 100 that both machines will be 
100 ” down at the same time (approximation) 
(100—X)? Hours out of 100 that both machines will run at 
100 the same time. 
Mechanics 


=3.1 (Downtime)~*!2 =3.1(Y¥)~ 
2 Machines 


Using the preceding symbols the cost relationship in 
terms of machine down time is: 


100 100) * | 


#) - 
P, (100—X)? 
1000 100 


1000 100 100 
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When the actual values for $2, $D, $M, P,; and P, 
are put into the equations, total unit cost is related to 
downtime. Differentiation and solution of the equation 
will give the minimum cost and the optimum amount of 
downtime. This downtime can be translated into the op- 
timum number of mechanics per 2 machines, 

The ratio of mechanics per 2 machines is multiplied by 
the total pairs of machines to obtain the number of 
mechanics for all machines. 

Limitations—The equation can be used for determin- 
ing mechanic requirements: 

1. As long as the total number of machines is between 10 and 

22. 


2. As long as there is no significant shift from present main- 
tenance requirements 


(‘ses of the Equation—If conditions on which the origi- 
nal maintenance chart was based do not change, the 
chart can be used as a tool in scheduling. However, if 
pay rate changes occur, or if machine productivity 
changes, these changes should be made in the equation 
and a new optimum determined. 

The change that is not covered in this equation is a 
shift in basic service requirements of the machines. The 
parameter used to describe service requirements is the 
ratio of average service time per call to average machine 
run time between service calls. This ratio is called the 
“service factor.” As machines get older, or as mechanics 
improve, this ratio may shift. The question is: how much 
“an it shift before the model should be up-dated? 

A general answer is not adequate. The upper and lower 
limits have to be established for each problem. The way 
to arrive at an answer is to assume a 5° increase or de- 
crease in this value and test the effect of this difference. 
Similar tests can be made for shifts of 10% or 15%. In 
this manner, the critical point can be established. 

When the critical poimt is established a control chart 
technique (Figure 10) can be used to record weekly 
estimates of the service factor. In Smith’s department 
data are tabulated in a manner such that this ratio Is de- 
termined efficiently. 


. Upper Critical Limit 


Service Factor—- 


Lower Critical Limit 


Time in Weeks ——~— 


Fie. 10. Control Chart on Service Factor. 


When the ratio has shifted beyond the critical point, 
the system should be re-evaluated in terms of the new 
service factor. 


SUMMARY 


Known changes can be incorporated in the proposed 
maintenance model so that “new” optimum operating 
crews can be calculated rapidly with little additional en- 
gineering effort. 

Creeping changes can be followed by plotting pertin- 
ent information on a control chart. When the system is 
“out of control” the model should be updated to include 
these changes, or perhaps steps should be taken to re- 
duce the service factor to its previous range. 


CONCLUSION 


The development of a good model, whether for main- 
tenance, inspection, scheduling or inventory, costs quite a 
few engineering dollars. 

Without thorough planning, the result is apt to be a 
static model in a dynamic situation. Benefits of this kind 
of model will obviously be short-lived. 

Engineers who develop models must keep next year’s 
changes in full view. Today’s model must be dynamic 
and fit tomorrow's problems. 

This is another one of the challenges to the Industrial 
Engineer applying mathematical techniques. 


industrial 
engineers 


Here are the basic 
requirements: 

1. B.S. Degree in I.E. 

2. Up to 3 years’ experience 

3. Exempt from military service 
4. Available by June 28, 1960 


Opportunities available in broad industrial engineering function which in- 
cludes plant and equipment layout, job evaluation, manufacturing methods 
mprovement, economic studies, capacity studies, package engineering, studies 
of specialized management problems, etc. You will be given an eight-week 
training program, then assigned to one of our plants in the eastern half of 
the United States. Our Company has doubled in size every eight years since 
the turn of the century, assuring opportunity for you. 


Write to: W. J. VanPelt, Armstrong Cork Company, Lancaster, Pa. 


‘Armstrong 


March—April, 1960 
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The Management, Engineering, 
and Scientific Functions’ 


by HAROLD O. DAVIDSON 


Vice President, Industrial Engineering, Operations Research Incorporated 


BS SOMEWHAT less than two decades there has been 
phenomenal progress in the formulation and solution of 
mathematical problems that are analogical in useful ways 
to certain practical problems in the planning and direc- 
tion of ‘human enterprises. “Linear Programming” and 
“Queueing Theory,” for example, are already familiar 
terms in the literature of Industrial Engineering. 
Familiarity with the techniques has also expanded as an 
increasing number of schools have brought them first into 
the graduate and then the undergraduate curricula, while 
older graduates have donned their skull caps again to 
keep sight of the expanding frontiers. Indeed, the In- 
dustrial Engineer must do this or be left in the backwash 
of progress as others take over the functions about which 
he has labored to build a profession. 

It requires no great insight to comprehend this chal- 
lenge for it has been at hand some years now in the 
“Operations Research” and “Management Science” 
movements. At the same time, it appears to me that 
these groups have been beset by internal confusions that 
have misguided many potentially productive efforts. I 
propose therefore that, irrespective of the names we use 
to identify our activities, there is a mutual challenge to 
all of us who are concerned with improving the technical 
knowledge and practice which supports the management 
planning and control functions. We need to approach tl is 
challenge in the spirit of an explorer, but also in the 
manner of a prudent one who keeps bearings on known 
landmarks. There have been earlier explorers and quite 
a few left their bones on the field. In fact. there have 
been organized parties in or near this field continuously 
for the past eighty years, and most of them perished. 

There are only a few survivors left of the “Scientific 
Management” party, which came upon hard times be- 
cause it understood too little of science. If misfortune 
comes upon the presently active “Management Science” 
group it will be, I predict, because it understood too little 
of management. Among some members of this group the 
“executive” has already slipped away into a dim abstrac- 


* Based upon a presentation to the Management Control Sys- 
tems Symposium, July 28-31, 1959, System Development Corpora- 
tion, Santa Monica, California. (To be published by John Wiley 
and Sons, Inc., as a chapter of a book on management control 
systems.) 
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tion—a little black box concept called “decision-maker.” 
They appear to be concerned with the development of 
“decision-models” that will make the little black boxes 
work better; or, in more general terms, with the replace- 
ment of a feeble subjective decision-making process with 
a scientific hypothesis-testing type of process. 

These explorers have already lost their bearings and 
we shall gain nothing by following them. To reach their 
position we must make the implicit assumption, which is 
both naive and conceitful, that the particular form of 
rationality that has proven effective in scientific endeavor 
is also the most appropriate for other human endeavors. 
Moreover, to account for the present state of affairs we 
would seem to need a further assumption that executives 
have not been sufficiently intelligent to appreciate this 
and must therefore be helped. 

I find it more plausible to consider that a considerable 
amount of superior intelligence has been at work in the 
executive function. Perhaps it is a different kind of intel- 
ligence than “scientific” intelligence, but I doubt this. It 
has, however, been directed to different purposes and it 
has, I am convinced, developed rational concepts of op- 
eration that are particularly effective for these purposes. 


SCIENTIFIC INQUIRY 

Thus, what executives want of science is not an in- 
struction in the virtues of scientific methodology but the 
applied results of scientific inquiry. To transfer this bene- 
fit an appreciation of the management function and its 
rationality is required. It is also necessary to restore 
discarded details in translating back from scientific gen- 
eralizations in order that they may have suitable corre- 
spondence to a specific reality. This is precisely the func- 
tion of engineering. To put it another way: the scientist 
who wants to be directly helpful to executives had better 
learn to “act like” an engineer. I use the phrase “act 
like” for the particular reason that it leads into the 
main line of my argument. 

It is elementary to suggest that inquiry into the nature 
of the management function begins properly with observ- 
ing the behavior of people who perform this function. If 
we also observe behavior in engineering and scientific 
activities and seek to identify the ways in which they 
differ, I believe we will be on the way to useful under- 
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standing. I propose that when we do this sort of thing we 
will find some of the commonly presumed characteristics 
to be useless as differentiating variables. The subjec- 
tivity-objectivity contrast that is sometimes supposed to 
exist between executives and scientists appears unsup- 
portable. Subjective judgments are found to be dominant 
in the creative phase of scientific activity. And if we dis- 
count the influence of exterior discipline imposed by in- 
ternational criticism of published work, it appears that 
scientists as a group are probably not more objective 
than executives, 


BEHAVIOR CHARACTERISTICS 

Some interesting and significant differentiations are 
possible, however, if we consider characteristics that I 
have called the “environment coupling of behavior” and 
the “time coupling” (see Figure 1). When we look at 
what a scientist does we find that the activity is directed 
toward abstraction from the specific environmental data 
of his research to the highest possible degree of gen- 
eralization; and so we would say that in science there is 
a low degree of environment coupling. The broader the 
generalization the greater its scientific importance will 
be, and the lower the environment coupling. We would 
find also that the connection of the scientist's activities 
to deadlines is highly elastic. Perhaps the simplest defi- 
nition we can give of pure science (a partial one, of 
course) is: no deadlines. So we would characterize sci- 
entific activity in the lower left of the “coupling” space, 
showing it to be low in both environment coupling and 
time coupling. 

If we then look at engineering activities we find a 
higher degree of environment coupling. An engineer is not 
interested in thermodynamic theory as an abstraction. 
He is concerned with its particularization to the design 
of a specific power plant at a specific site to meet a peak 
power demand of so many kilowatts. He is also time- 
coupled to a higher degree than the scientist. He must 
have his plans ready on a certain date to go out for bid. 
Within that period he has some flexibility in the use of 
his time from day to day, but he must schedule toward 
the deadline. 

The executive is highly environment -coupled. He is 
concerned with influencing the crucial vote in his board 
of directors to win approval for investment in the new 
plant that his engineering staff is designing. In general, 
he takes the economic and physical particularizations 
worked out by his staff and to them adds the political, 
social, and individual specifics. He sets the engineer's 
plans into the action context. His appointment calendar 
suggests the high time coupling of the management fune- 
tion. 

The apparently high degree of correlation between en- 
vironment and time coupling suggests that there is a more 
fundamental connective idea which we have yet to ex- 
plore. We have adopted a behavioral approach to con- 
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sideration of the management, engineering, and scientific 
functions; and have found that the behavior differs in 
observable ways. Under the premise that the behavior 
is rational in each instance we are led to the premise that 
the differences arise because of differences in the basic 
objectives of the behavior. In short, managers, engineers, 
and scientists behave differently because they are trying 
to do fundamentally different things. What are these 
objectives? 


THE FUNCTION OF SCIENCE 

I find a satisfactory answer for “science” by tracing 
the word back to its Latin root—scientia—knowing. It 
is interesting, I think, that this is the present participle 
rather than the noun. It is a simple, elegant statement 
of a noble objective. It seems shameful that it should 
have been contaminated by so much sloppy usage in 
recent years. (“Applied Science” sounds a bit vacuous if 
one translates to “Applied Knowing.”’) 

There are, of course, some special requirements for 
knowing as science, as against knowing in the usual sense. 
I mentioned previously the importance of subjective 
judgment in science. The whole progress of science de- 
pends, in fact, upon the willingness of men with great 
insight to announce conjectures on the basis of subjective 
validity. However, the rules of science prohibit the ac- 
ceptance of any structure erected on conjectures until 
the formal objective processes have converted the con- 
jecture into a scientific conclusion. In the case of some 
famous mathematical theorems it has taken hundreds 
of years for the formal processes to establish the validity 
of the original insight in an acceptable fashion. To make 
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matters worse, mathematicians occasionally decide to 
“tighten up’ the rules and then some theorems have to 
be proven all over again. I make this remark to bring 
out the point that the formal objectivity of scientific 
activity is not an absolute concept but is defined by rules 
agreed upon by scientists in the field as being appropri- 
ate. Since rules are simply a means of sorting “good” 
ideas from “bad” ones, and since “good” ideas foster 
development of a field whereas “bad” ones inhibit it, we 
may conclude that appropriate rules are those which at 
any given time tend to maximize the progress of a sci- 
ence. 

The obvious implication of this is that different fields 
of science may have different rules. And we can see 
clearly that the rules are in fact different on comparing 
the broad fields of mathematical, physical, biological, 
and behavioral sciences. There should be a very strong 
expectation, then, that other kinds of activities, such as 
engineering, have still different rules appropriate to their 
operations. And this also turns out to be true. 


THE FUNCTION OF ENGINEERING 

The function of engineering is the desigm or planning 
for solutions of particular problems. The rules which 
prescribe appropriate engineering behavior are markedly 
different from those of science. The difference is much 
greater than it seems to be in the popular, but erroneous, 
conception of engineering following along in the foot- 
steps of scientific advances. In reality, the reverse is more 
often true. The accomplished engineering fact provides 
a powerful stimulus to scientific inquiry. James Watt's 
engines were™already a commercial product and their 
designer was dead when Carnot formulated the begin- 
nings of heat engine theory. 

Engineering does not defer its progress until the 
ground ahead has been fully prepared by scientific in- 
quiry. It moves whenever there is a practical need and 
when technical insight suggests that the chance of suc- 
cess is sufficiently good. And this insight, like scientific 
conjecture, typically surges ahead of the formal scientific 
development. Here, then, is another reason for saying 
that “applied science” is an inadequate term for engi- 
neering. This is not to deny the dependence of engineer- 
ing on formal! science. There is a limit to this “forward 
reaching” such that until scientific inquiry has built a 
foundation under the steps already taken, further en- 
gineering progress is increasingly inhibited. 

The terminal product of a scientific inquiry is generally 
the published communication of results to the scientific 
community at large. The terminal product of engineering 
on the other hand is an implemented plan or design. We 
can imagine, then, that the mutual interactions be- 
tween engineering and the management function must 
be equally important and far more personal than those 
with scientific activities. The mutuality of the inter- 
actions needs some special emphasis, for there seems to 


be a tendency toward the one-way flow conception. The 
dependence of engineering on science, for example, 1s 
quite widely accepted (if not understood); whereas the 
suggestion of a reverse flow of stimulus is often received 
as a novel idea (though it is not really obscure). | feel 
that there is a similar tendency among technical people 
to undervalue the usefulness of mutual interaction with 
management in enabling the engineering function to per- 
form effectively. I sense something of this conception 
when I hear operations research people speaking of “prob- 
lem solving for executives,” but rarely mentioning how 
much of the total problem the executive had to solve. 
I wonder then whether there was effective interaction 
and, if not, how much more difficult was the executive's 
task for lack of it. 


THE FUNCTION OF MANAGEMENT 

If problem solution is defined as the accomplishment 
of a change in operating results the joint nature of the 
endeavor is inescapable. Technical knowledge must be 
joined to operational insights and appreciation of policy 
and other constraints. The executive role is again signifi- 
cant in the evaluation of alternatives because of the in- 
ability of formal methodology to get at the multi- 
dimensionality of “value.” This, at least, is my present 
judgment for I have vet to see convincing evidence in 
the operations research literature or elsewhere that any 
of the formalistic devices for operating on lower order 
subjective judgments lead to better results than a sub- 
jective synthesis at the executive level. 

This subjective synthesis is one of the crucial roles of 
management and I think it would help us a great deal in 
the development of improved technical support of man- 
agement planning and control if we could learn more 
about it. I am persuaded that these endeavors will be 
successful to the extent of helping executives to increase 
effectiveness of the process. An infinite optimism would 
be required, however, to support anticipation of its re- 
placement by a formalized methodology. I base this con- 
viction on several considerations. 


INTUITION AND RIGOR 

There is first to be taken into account the power of 
intuitive processes. By these processes and with an 
algebraic notation that was clumsy in comparison to 
what was later available, Fermat arrived at some re- 
markable mathematical theorems. To reconstruct these 
theorems by formal processes so that they could be con- 
sidered rigorously proved required a much greater vol- 
ume of effort by some of the world’s most skillful mathe- 
maticians. It is certainly true that the initial insights 
were not rigorously supported. For the purposes of mathe- 
matical science it was probably worth the expenditure 
of effort and passage of time (several hundred years) for 
some of these theorems to be proved. But the engineering 
and management functions have different purposes, and 
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there are other ways of buying the kind of pratical 
validity that is required. If a certain yet-to-be-proved 
theory should appear useful for the design of, say, a mis- 
sile, the engineer uses it to design, build and test one. 
A suecessful flight might or might not be rigorous proof 
for correctness of the theory, but it would. provide practi- 
cal assurance that a missile designed and canstructed in 
that particular way could fly. 

The point has been made that formal methodology can 
buy rigor. It should be mentioned that this rigor is inter- 
nal only. The mathematician can have optimum solu- 
tions, for the unequivocality implicit in the notion of 
“optimum” is established by internal rigor. It cannot 
assure against the “optimum solution” being a wrong 
answer when projected to an external application. Real 
management problems are external to mathematics. There 
are no optimum solutions to these problems because there 
are no unequivocal operations for defining them. Hence, 
to speak of practical solutions as “optimum” is to invite 
attention away from the equivocalities inherent in their 
development. The term is at best an inaccuracy, at worst 
a deceit. 

The formalist has learned to keep himself happy by 
living within his axioms, and finding aesthetic pleasure 
in the pursuit of internal rigor. The engineer and execu- 
tive must live with results. Competitive pressure to im- 
prove results works against the hope of raising assurance 
out of the subjective realm and, in fact, puts a premium 
on the sensitive feel for trade-off of assurance against 
time and effort. 

All experience indicates that there is a trade-off as 
indicated by the heuristic equation: 


R = f(T, E) 


where F is rigor, T is time, and E is effort (perhaps 
roughly measured in dollars). It is impossible to make a 
decision without playing the trade-off. The scientist 
plays conservatively. The engineer will take less primary 
assurance, but usually buvs some secondary assurance 
with a “safety factor” which is often cheaper. The ex- 
ecutive must play aggressively without a safety factor. 
But he has in many instances the unique advantage that 
the effect of decision quality, on the ultimate pay-off is 
considerably modified by other factors. 

The executive who mischances to make only a fair 
decision but implements it skillfully and vigorously may 
still best the. competitor who makes a superior decision 
but defaults on implementation. In fact, skill in selecting 
the superior alternative is probably of lesser importance 
than organization skill, a sense of decision timing, and 
an ability for vigorous implementation. A man with these 
talents can apply the resources of many more intellects 
than his own in accomplishing the selective act of deci- 
sion making. He can, in other words, create a decision 
process to which he mainly contributes the timing and 
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the “maintenance” effort to keep the process operating 
effectively. 


PRACTICAL RESULTS 

The suggestion is before us then that management is 

not a simple function, but is better deseribed as a com- 
plex of functions requiring some rather impressive ex- 
ecutive talents. The end objective of management 1s, 
of course, not simply the making of decisions nor even 
the making of good decisions, but the achievement of 
practical results. Managements are not judged on the 
number of decisions made, or on the quality distribution 
of decisions. Successful managements are rarely called 
to justify decisions, whereas failure generally forecloses 
explanation. Evaluation by results is the only sound 
principle, though in the application there is perhaps too 
great a tendency to emphasize present results with in- 
sufficient allowance for the expectation of future results 
arising from present actions taken under a long range 
plan. 
The importance of long range planning is intensified 
by technological change and associated economic factors 
and this has been reflected, I think, in recent years by 
corporate organization changes and allocations of re- 
sources. While the general subject of long range plan- 
ning is beyond our present interest, it is here that the 
interrelationships of scientific, engineering, and manage- 
ment functions can be seen in a useful perspective. It is 
a perspective from which we may wish to view our own 
activities as they on the one hand contribute to the 
process of change that presents management with its 
planning problems, and on the other contribute to their 
solution. 

I shall refer to another diagram, Figure 2, which serves 
to illustrate some important relationships. I conceive of 
management in its operating role directing attention to 
maximizing the output of “existing solutions.” Since I 
am not now concerned with current operating problems 
I show the existing solutions as static points. They are 
static in the “System Configuration” sense. The near 
future possibilities for improvement of results lie within 
what I have called the domain of technical, economic, 
and political feasibility. (1 am using “political” in a 
broad sense to include internal constraints such as es- 
tablished corporate policy as well as external constraints 
such as work rule agreements, statute law, etc.) The 
majority of managers and engineers limit the search for 
improved operating results to the domain of current 
feasibility. But this domain has no permanent bounda- 
ries, and it is historically evident that the major incre- 
ments of progress in productivity and the material well 
being of mankind come about through enlargement of 
the domain. 

In providing for national military defense we have 
no choice but to press vigorously against technical feasi- 
bility barriers. In other matters of equal or greater im- 
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portance a similar vigor is needed in the reduction of 
politico-economic feasibility barriers. We have already 
established, for example, the technical] feasibility of pro- 
viding many peoples of the world a much better food 
supply than they now have. In. reducing the politico- 
economic barriers to this achievement the skills and 
energies of executive leadership are now of obviously 
greater importance than the supporting technical con- 
tributions. 

Because the reduction of technological barriers so often 
exposes politico-economic barriers that must also be re- 
moved there must be an emphasis and strengthening, | 
think, of the interaction between engineering and man- 
agement activities. This observation is not limited to 
those public and private enterprises that are actually 
applying resources to expansion of the feasibility bound- 
ary. The impermanence of this boundary, in an era of 
increasing technological development, must be of con- 
cern to every enterprise. It is necessary to locate the 
boundary as well as possible and predict how it will shift 
so that near future plans will have what in military 
weapons development is called “growth potential.” 
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POSSIBLE SOLUTIONS 

Accordingly, we must look beyond the feasibility 
domain to the domain of theoretically possible solutions. 
The mapping of this domain is possible because of sci- 
entific activity. The actual formulation of possible solu- 
tions to specific practical problems is an engineering type 
of activity because the statements of scientific results 
appear as generalizations. We are speaking here of a 
creative engineering activity lying at the “near science” 
end of the engineering activity spectrum. There may well 
be more science-trained than engineering-trained people 
engaged in this activity, which is perhaps why many 
refer to it as “applied science.” 

The concern of science is with pushing out the bound- 
ary of this domain of theoretically possible solutions. It 
does this by conjecturing something beyond it and de- 
vising ways of testing the conjecture. It would appear 
then that long range planning operates in the region of 
possibility beyond current feasibility and that one of its 
special tasks is to take note of scientific advances and 
interpret their significance to the enterprise. Obviously, 
scientific advances have no significance for management 
except under an expectation of eventual feasibility. 

It is often the easier part of long range planning to 
estimate the effects of scientific advances, assuming feasi- 
bility. (This is not quite the same thing as science fiction, 
which typically assumes both possibility and feasibility.) 
The usefulness of long range planning to management 
comes from identification of the technical, economic, and 
political barriers to feasibility; the estimation of time 
and effort for reduction of the barriers; and the develop- 
ment of specific courses of action for achieving and/or 
exploiting feasibility. Reliability of the results depends, 
even more than in other engineering activities, on per- 
sonal competence, judgment, and sense of professional 
responsibility. There are no “handbooks” or standard 
formulae for long rangé planning. 


SUMMARY 

This then is the engineering function in long range 
planning. It supports the executive who, as chief planner, 
initiates the activity, commits resources to it, provides 
creative guidance in politico-economic considerations, 
and finally uses planning results to guide present man- 
agement decisions according to their future consequences. 

Long range planning, as we have described it here, is 
a relatively new concept for many executives and for 
many engineers as well. It is the outgrowth of the need 
for more effective response to the tightening challenge 
of technological competition. As the challenge will surely 
increase in coming years so will the development of this 
activity. There is opportunity here for the Industrial 
Engineer who points his professional development toward 
new horizons of the engineering function. 
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Toward a Theory of Scheduling 


by ALAN J. ROWE 


Manager, Business Management Control Systems Research, System Development Corporation 


ScHEDULING has long been recognized as an impor- 
tant factor in the effective utilization of limited manu- 
facturing capacity. Attempts at solving the problem have 
either dealt with gross capacity considerations or the de- 
tail sequence in which parts are fabricated. Neither ap- 
proach incorporates the interdependence of total capacity 
with detail machine scheduling, or the variability in fac- 
tory performance due to fluctuating demand, unpredicta- 
ble worker performance, unexpected machine delays, vari- 
able product quality, and queueing effects. Present in- 
dustrial methods of scheduling provide arbitrary time 
allowances for successive machining operations in order 
to overcome the effect of these factors. However, arbi- 
trary allowances often result in excess costs because of 
the expedients needed to carry out a given production 
program. As an alternative, scheduling decisions rules 
which take the stochastie aspects of the problem into ac- 
count are proposed. 


JOB SHOP PRODUCTION SYSTEM 


A job lot production system is often characterized by 
its physical arrangement and operating modes. The 
equipment is typically general purpose and arranged by 
the type of work performed as contrasted with a flow 
shop where the machines are arranged to suit a specific 
product. The combination of set-up and run time is often 
higher in a job shop as a result of general purpose ma- 
chines and individual lots. The mix of products is varia- 
ble in quantity and type, and has a wide range of value 
as well. The variety affects both the inventory and queue- 
ing aspects of the problem. Marufacturing processing 
time is also typically more variable due to new tooling, 
complex instructions, and the large variety of work. In 
addition to the physical characteristics, other aspects of a 
production system include information flow, points of 
control, and operating decision rules. Although these fac- 
tors are seldom formalized in actual practice, Figure 1 
illustrates the typical flow of information and decision 
points in a production system. 

Another consideration in describing a production sys- 
tem is the number of possible paths through which the 


*The results reported here are based on a Doctoral Disserta- 
tion, submitted to the UCLA School of Engineering, under the 
chairmanship of Professor E. P. Coleman; and a computer simula- 
tion project at the General Electric Company, conducted in co- 
operation with the IBM Corporation. 
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jobs can flow. The exact sequence of the jobs is often re- 
ferred to as scheduling. In the most general case, all jobs 
could follow all possible paths, that is, there would be 
(N!)™ paths, where N is the number of machines and m is 
the number of machining operations through which a job 
must be processed. In actual practice, there are very few 
such jobs shops, since there is often a limited variety of 
products, and these generally follow a limited number of 
paths. 

In view of the fact that even small scheduling problems 
are extremely difficult to formulate and solve in terms of 
all the variables, the complete enumeration of large-size 
scheduling problems is virtually impossible. For example, 
a shop having ten machines and ten jobs would have 
(10!)**® possible job permutations, or approximately 10° 
possible job assignments. Even if only 1 percent were 
feasible, these would constitute 10°* permutations, which 
is still prohibitive for enumeration. On the other hand, 
an alternate approach to considering various permuta- 
tions is to maximize the expectation of applying given de- 
cision rules. 
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Fic. 2. Typical Time-Cycle Chart for Manufactured Items 


SEQUENTIAL SCHEDULING DECISIONS 

The sequential approach to scheduling decisions estab- 
lishes a basic plan prior to the execution of a given pro- 
gram and utilizes priority rules for the implementation 
of the program. Thus, rather than specifying the exact 
sequence in which jobs are to be performed, the initial 
scheduling phase establishes an overall manufacturing 
cycle for each component based on probabilistic methods 
(Figure 2). A variable flow allowance, which can be 
based on the value of the jobs, establishes both the manu- 
facturing cycle and the release date of the jobs to be 
processed in the factory. In addition, each operation of a 
job has a specified start date within the manufacturing 
eycle (Figure 3). As work progresses through the fac- 
tory, the planned start date is compared with the cur- 
rent date. A priority function which includes the devia- 
tion from start date is used as a basis for choosing which 
job to assign next. A number of alternate priority func- 
tions are examined later. 


PARTITIONING SCHEDULING TO PERMIT SEQUENTIAL 
DECISIONS 


Sequential decision rules require partitioning of the 
scheduling problem into three phases: 


1. Loading—The comparison of the total hours of demand with 
the capacity for a given time period, not considering detail 
assignments of jobs 

2. Scheduling—Establishment of the manufacturing cycle which 
is used to assign demand to specific days within the time 


period 
3. Dispatching—The assignment of each job to specific machines 
at given times within the time period. : 


Loading, therefore, merely considers the total hours of 
work for a given time period, whereas scheduling estab- 
lishes when each job is to be completed within the cycle. 


On the other hand, dispatching is often called the combi- 
natorial scheduling problem, since the result is a matrix 
showing the exact sequence of jobs assigned during the 
given time period. 

If the total hours of load for a given period exceeds 
capacity, normal operating rules cannot be applied to 
production scheduling. The practice in industry is to ad- 
just capacity by working overtime, subcontracting, or 
extending delivery promises. With this approach, the 
overall load can be kept within acceptable limits. Once 
the overall load is kept within bounds, the problem of 
establishing manufacturing cycles and job assignment is 
still difficult. The “scheduled” load is assigned to specific 
work days by taking the start date for each operation 
and assigning the work to the appropriate machines. Al- 
though the work for a given job can be spread over the 
period, there may still be conflicts with other jobs hav- 
ing the same start date during the period. At this point, 
an exact sequence of jobs could be established; however, 
the manner in which jobs are actually completed often 
differs quite significantly from the planned arrangement. 
Decision rules which adjust the relative priority of jobs 
as they are actually processed rather than maintaining 
an arbitrary predetermined sequence therefore appear 
necessary. 

In making decisions sequentially, there is an opportu- 
nity to take corrective action as the need arises. Upon 
examination of the initial planning phase of scheduling, 
it is evident that substantial improvements are possible. 
For example, if provision is made to combine similar 
jobs, set-up time can be appreciably reduced. Or, running 
the same job on several machines simultaneously will re- 
duce the total manufacturing cycle time. However, in job 
lot manufacturing, the mix of orders to be processed varies 
considerably, thus making it difficult to plan the work 
completely in advance. The alternative is to plan the 
“flow” of each work order so as to permit the maximum 
flexibility in carrying out alternate activities. Since the 
flow of work orders determines their manufacturing cycle, 
the resultant manufacturing plan can be designed to 
meet given objectives. 
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Fic. 3. Manufacturing Cycle for a Given Component 
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Fic. 4. Relation of Value of Parts to the Percentage of Items 


DEVELOPMENT OF SCHEDULING DECISION RULES 

Scheduling, as defined earlier, establishes the manu- 
facturing cycle time as well as the start date for each 
operation of-each job. The eycle time consists of the 
processing, move, and delay allowance for each job. In 
order to minimize inventory, the delay which can be ex- 
pressed as a flow allowance is made a function of the 
average delay at the machines, the value of the job, the 
number of operations and the loading factor. This flow 
allowance is used in the scheduling formula to compute 
the start date for each operation. The start date provides 
the basis for feedback control during dispatching. Where 
correct flow allowances are used to compute start dates 
for each operation of a job, it is .possible to insure on- 
time completion. Rather than a single finish date to use 
as the basis for Judging lateness, each operation then 
provides a bench mark which can be used to speed up 
or slow down the job. 

Where the value of the jobs is disregarded, the flow 
allowance depends only on which machine groups the 
jobs were processed. However, in job shops there gener- 
ally is a wide distribution of value of parts being proc- 
essed, and potential reductions in work-in-process in- 
ventory are possible if a variable flow allowance is used. 
That is, the flow allowance would change continuously as 
the value of the jobs changed during processing. Thus, 
where raw material is cheap, but the labor added is high, 
a job could be released earlier than if the final value 
alone is used as the basis for the flow allowance. It would 
also permit distinguishing very high value jobs from 
lower value Jobs in the high value category. An analysis 
of value categories for many typical factories made by 
H. F. Dickie revealed that there was a definite pattern 
(5), as shown in Figure 4. Reading from the curve, ap- 
proximately 10 percent of the jobs constitute 75 per- 
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cent of the total value of all jobs being processed. The 
percentages shown are typical; however, they would dif- 
fer for any given product mix. 

The flow allowance can be made inversely proportional 
to the value, as shown in Figure 5. One formulation for 
the flow allowance is 


where 


k,=a constant dependent upon the range of values 
at the jth machine group. 
V,= value of a given job at its ith operation. 
b=an empirical constant. 


The cost of carrying work-in-process inventory depends 
on the value of the job, the time in process, and the in- 
terest rate. Thus, by use of a “variable” flow allowance, 
it is possible to have less area under the curve for a given 
product mix than an “average” flow allowance. The carry- 
ing cost, for variable and fixed flow allowances, can be 
compared, as shown in Figure 6. The carrying cost, with- 
out interest, can be computed as follows 


1. For fixed flow time 
where 
k =average number of flow days for ith value category. 
2. For variable flow allowance 
where 
K =a function of job value, resulting in a variable flow rate. 
=an empirical constant. 


Since the high value jobs are few in number, it is possi- 
ble to decrease the time they spend in the shop, in ex- 
change for increasing the corresponding time for the low 
value jobs, which should result in a net decrease in aver- 
age value of work-in-process inventory. It is significant 
to note, however, that the total waiting time in the shop 
does not necessarily decrease; it is merely apportioned 
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Fic. 5. Relation of Flow Allowance to Value of Job. 
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Fic. 6. Comparison of Carrying Costs Using Variable and Constant 
Flow Time. 


in a more optimal manner for inventory purposes. Saaty, 
in his “Résumé of Useful Formulas in Queuing Theory,” 
indicates that the expected waiting time is independent of 
queue discipline provided processing time is not con- 
sidered (11). Where jobs having short processing time 
are given a high priority, Morse has shown that the ex- 
pected total waiting time can be minimized (9). 

Since the average investment in work-in-process in- 
ventory depends both on the time jobs spent in the shop 
and the rate of change of their value, the expected wait- 
ing is important. Thus, if the initial value of an order is 
high, rapid flow (minimum wait) through the shop re- 
duces the expected total inventory value. Where the ini- 
tial value is low, processing might increase the value 
substantially; therefore, as the value changes, the flow 
rate should be correspondingly increased permitting the 
flow rate to change continuously as the value of the jobs 
changes. However, there is a maximum flow rate possi- 
ble (commensurate with meeting delivery commitments). 
On the other hand, decreasing the flow rate of the lower 
value jobs also has certain bounds. The cycle time can- 
not be increased beyond the limits which depend on nor- 
mal delivery promises. In addition, releases which are 
too early increase the work-in-process inventory unneces- 
sarily and cause difficulties due to schedule changes, obso- 
lescence, and similar problems. 

Another factor is used to compensate for jobs which 
have a high reject or rework rate. Time is added to the 
manufacturing cycle to replace or repair the parts. The 
total allowance then is 


Steer 


where f is the flow allowance for each operation. The 
critical allowance for the entire cycle, c, can be deter- 
mined empirically. 
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The flow allowance is dependent upon the delay asso- 
ciated with each machine group. This delay, or queueing, 
represents the amount of time a job can expect to wait at 
a machine. If jobs are not removed from machines when 
a very high priority job arrives, there is an expected wait 
while the one on the machine is being completed. Rather 
than have all jobs wait an equal amount of time, priority 
classes can be established which distribute the expected 
waiting time in a manner designed to achieve a specified 
objective. Since minimizing the cost of assuring a speci- 
fied completion distribution is one objective of scheduling, 
value of the jobs can be used as the basis for partitioning 
the queue time. However, not all jobs are processed 
through all machine centers; thus, the distribution of 
value at each center should be separately evaluated. 
Value categories were established for each machine 
group such that the upper 10 percent of the jobs were 
considered high value, the next 20 percent were consid- 
ered medium value, while the remaining 70 percent were 
considered low value. With these percentages estab- 
lished the mean value for each category was determined. 
Using the functional relation 


f=kv- 


as the basis for the flow allowance, the waiting time for 
each value category was determined in the following 
manner: assume b = 1, then 


If f, = the flow allowance for the high value category and 
fn = the flow for the medium category, then 


wee 


Thus, the flow rates are inversely proportional to the 
values. If the value categories were continuous, this for- 
mulation would be adequate ; however, for discrete values, 
the mean of each category is used to establish the flow 
allowance. Therefore, the following relationships are em- 
ployed 


laV 
where 


V,=mean value of the low category. 
V,.=mean value of the medium category. 
V,=mean value of the high category. 


If a suitable standard deviation is added to the mean 
delay, the following relation can be used 


+ KS) = + tafe + 
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where 


n=the total number of jobs processed at a given 
machine group. 
g =the mean queueing time for a given machine group. 
S =the standard deviation of waiting time for a given 
machine group. 
k =the factor which assures a desired confidence level. 
n, =the number of high value jobs. 
n, =the number of medium value jobs. 
n,;=the number of low value jobs. 
fx= flow allowance for high value jobs. 
fn = flow allowance itor medium jobs. 
f, = flow allowance for low jobs. 


This formulation assumes that 
n= ny + Ne + 
Therefore, the following holds 


+ + nifi 


or, if 
P, P= P, = 
then 


G+kS = + Paha + 


But, P is merely the percentage of jobs in each specific 
value category, which was established previously. There- 
fore, the P values are available to solve the equation. 
Expressing the flow allowances in terms of the high value 
category, the following relationship holds 


Van 


f + pP = | 


Since all the factors in the parentheses are known for a 
given machine group and product mix, the expression 

reduces to 


q + LS = 


Thus, once the mean delay and standard deviation are 
known, or estimated, the method for partitioning pro- 
ceeds directly. This method was the one used as the 
basis for partitioning the flow allowance for the computer 
simulation runs described later. 

If the mean waiting time is to be partitioned, the 
standard deviation is included prior to partitioning, 
rather than providing a separate standard deviation for 
each of the partitions. In this way, the total allowance at 
a machine group is reduced, at the same time assuring 
that the combined allowances are adequate to provide a 
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desired confidence level. Although the variance at each 
machine station can be determined, the combined vari- 
ance for all machines through which a job passes is more 
difficult to estimate. The total variance depends on which 
priority rule is used, since the deviation from the mean 
can be employed to alter the flow rates. Therefore, the 
total variance is a complex function dependent on the 
basis for job assignments, and the variability at each 
machine station. 


A SCHEDULING DECISION RULE 


Allowances, when added to the machining and transit 
time, establish the manufacturing cycle for each job. To 
determine the start date for each operation of a job, the 
following scheduling formula can be used: 


S;= D- (Pi + tes) 


where 


S,= planned start date for the ith operation. 
D = promised delivery date for completion of the job. 
P, = processing time for the ith operation. 
{,_,= transit time from operation 1—1 to 1. 
o =cycle variance allowance for remaining number of 
operations from t= m to n. 
flow allowance for operations i= m to n based on 
value and the delay for the ith operation at the 
jth machine group. 
‘= cycle correction for critical jobs or special machine 
groups. 


THE JOB ASSIGNMENT DECISION RULES 


After the jobs are scheduled and released to the shop, 
another decision rule is required which will enforce the 
planned cycle time. Dispatchers use this rule to choose 
which job to assign when a machine becomes available 
for work. Sequential decision rules relate the scheduling 
allowances to actual performance in dispatching by using 
a priority index to compare the various jobs in a given 
queue awaiting assignment. The purpose of the priority 
ind4x is to reduce the probability that a job will miss its 
due date and, therefore, ignores the value of a job, since 
a low value job can hold up shipment as well as a high 
value one. 

There are many possible functional relations which 
can be used to establish a priority index. Since the flow 
time is determined during scheduling the sequential dis- 
patching rule takes cognizance of a differenee between 
actual time remaining prior to completion and planned 
flow time. As this difference increases, the priority of the 
job increases. The absolute difference, however, is not a 
sufficient measure of priority, since the number of opera- 
tions or specific machines through which the part must 
be processed is also significant. For example, if two jobs 
have the same remaining flow time, but one has a larger 
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number of operations, it would have a higher priority 
since there is a higher probability of missing the due 
date for a larger number of remaining operations. 

The time to process a job can also be considered as a 
basis for an assignment. This can be divided into the 
processing time for the operation under consideration 
and all other remaining operations for the specific job. If 
all other factors are equal, assigning the job with the 
shortest processing time for the current operation, as 
contrasted with remaining operations, will tend to reduce 
the total lateness of all jobs. For example, if one job has 
ten hours of processing and the other has one hundred, 
then assigning the shorter job causes the other to wait 
ten hours, whereas the converse assignment would cause 
the short job to wait one hundred hours. However, if 
provision has been made in the flow allowance for the 
short job to wait, this amounts to carrying out the sched- 
ule plan; although at some point, further waiting might 
cause the short job to be late. Thus, where flow time and 
number of remaining operations are equal, the processing 
time itself affects lateness. 

A number of priority rules have been proposed as the 
basis for dispatching jobs in the factory: a priority 
based on the concept of “slack” has been proposed by 
Nelson (10) and Grad (6); a study to determine the 
effect of processing time on job completions was made by 
Jackson (7); the deviation from planned date as a pri- 
ority was first proposed by Salveson (12); a two part 
rule used to sequence jobs so as to minimize set-up has 
been examined by Conway (4). Each of these investiga- 
tions has attempted to find a decision rule which would 
lead to an optimum sequencing of jobs. Basically they 
have followed a probabilistic approach to solving the 
problem. Another approach has been proposed by Akers 
(1) and Barnes (2), using Boolean Algebra. However, an 
exact sequence or permutation in which jobs should be 
assigned would be difficult to carry out due to the highly 
variable nature of job shop production. It was this latter 
consideration which led to the sequential decision rule 
approach which uses expected flow rates for scheduling 
and job assignment. Another approach to the problem by 
Karush and Moody considers the overall factory load and 
assembly sequence as the basis for establishing feasible 
schedules (8). An excellent review of the various ap- 
proaches to the scheduling problem is given by Sisson in 
his article, “Methods of Sequencing in Job Shops—A Re- 
view (13).” 

A search technique, based on sampling of alternate 
assignments, could be used to determine which assign- 
ments tend to minimize the expected lateness. However, 
flow time can also be used to determine which jobs might 
become late at future operations. Having appropriate in- 
formation, assignments can be made so as to permit more 
rapid flow of potentially late jobs. Dispatching rules, 
which assign a higher priority to jobs that might become 
late, tend to assure rapid flow. Normally, in dispatching, 
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no attempt is made to control future operations. Dis- 
patching is principally concerned with assigning jobs 
that are available in a given queue without explicitly 
considering other queues. Scheduling is presumed to have 
previously taken the overall loading into account, and 
provided appropriate flow allowances. Expediting can be 
used where there are potentially late jobs. For example, 
lot splitting, preemptive assignment, lap phasing, alter- 
nate sequencing, or alternate equipment could all be ap- 
plied as special rules when the floy time has been ex- 
hausted. Dispatching rules, therefore, can be designed to 
work effectively under normal operating conditions, and 
when special problems arise, expediting rules could be 
substituted. 

Although many rules have been proposed for use in 
dispatching, at present, no analytic formulation has been 
made which assures optimality. The rules presented here 
for use in conjunction with the scheduling formula pre- 
viously described are primarily a logical approach to se- 
quential decision making. 

A rule which has been tested on many problems and 
has led to good solutions is based on the planned flow 
allowance established during scheduling. This formula 
for establishing a priority index is 


where 


I] =the priority index for a given job at the ith 
operation. 
T =the fiscal day number when the index is being 
compared. 

= planned start date for the ith operation. 

=a factor which is based on the flow allowances 
established during scheduling. 

N =the number of operations remaining from 7 to m. 

b=an empirically determined constant. 


S, 
A, 


The job with the largest algebraic priority index is as- 
signed to a machine when there is more than one job 
competing. The deviation from start date, (7 — S;), pro- 
vides a measure of the lost time as a result of waiting for 
assignment or late delivery. When this deviation is com- 
pared with the flow allowance, Aj, it indicates residual 
time. Thus, when T — S, A; is positive, it indicates 
that the job has exhausted its current flow time. A modi- 
fication of this rule is to have A; only include the flow 
time for the ith operation; thus, the job would not neces- 
sarily be late when the quantity is positive. 

The residual flow time, T — S; — Aj, is divided by. the 
number of remaining operations when the job is early. 
That is, the constant, b, is made positive. If the residual 
time is positive, the constant, b, is made negative, which 
results in multiplication by the number of operations. An 
alternate to dividing the residual flow time by the num- 
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ber of remaining operations is to divide by the expected 
remaining waiting time.’ 

Another form of priority ruie explicitly meorporates 
processing time as one of the factors. One such formula- 
tion follows 


al = + - 
> 

+1 


where 


[] =the priority index for a given job at the ith 
‘operation. 
4 =deviation from planned start date, (7—S,). 
k =an empirically determined constant. 
a,=the flow allowance for the ith operation only. 
N =number of remaining operations not including 
the ith operation. 
b=an empirically determined constant. 
>» P, =the remaining processing time, not including the 


ith operation. 


m 
>> a,=the remaining flow allowances for operations 


from i to m. 


This formulation of the priority index treats the devia- 
tion from start date as compared to flow allowances for 
the current operation and for remaining operations. This 
rule attempts to assign jobs so as to minimize the proba- 
bility of lateness. For example, if all other factors are 
equal, the priority rule will choose the job with a mini- 
mum a; for the current operation. Where everything else 
is equal, the rule will choose the job with the largest 
number of remaining operations or it will choose the one 
with the most remaining processing time compared to the 
flow allowances. A rule, such as this latter one, would 
have to be run on a computer since it is unreasonable to 
expect a dispatcher to compute the priority index for 
every job assignment. An interesting variant of this rule 
is the following 


where all the terms are the same as before except that e 
is the base of the natural logarithm. This latter formula- 
tion places increased emphasis on future operations and 
correctly computes [] even though A changes sign. The 
prior formulation assumes that so that 
the correct index is assigned. The characteristic form of 


*This was suggested during a discussion of priority rules by 
R. T. Nelson, Staff Member, Management Sciences Research Proj- 
ect, UC ‘LA 
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the three rules is shown in Figures 7 and 8. 


THE USE OF COMPUTER SIMULATION 


Simulation is an attempt to imitate the behavior of a 
system to study its reaction to specific changes. The re- 
sults permit one to gain insights, test hypotheses, demon- 
strate or verify new ideas, establish feasibility, compare 
alternatives, design complex systems, or train person- 
nel. Computer simulation, however, is seldom an exact 
analogue of the operation of an actual system. Rather, 
the majority of simulations are performed on digital 
computers which can only approximate continuous, si- 
multaneous activity. If the elements and properties of the 
system have been properly defined, then the parameters 
and variables can be readily controlled and measured. 

To simulate factory operations, then, it is necessary to 
have a model which provides a formal statement of the 
system behavior. This model may be a symbolic model, a 
mathematical model, or merely a descriptive model. The 
model should be constructed so that the parameters, vari- 
ables, and forcing functions correspond to the actual sys- 
tem. The parameters should include properties which are 
sufficient to define the behavior of the system, whereas 
the variables are the quantities which describe the be- 
havior for a given set of parameters. The forcing function 
provides the stimulus, external to the system, which 
causes the system to react. For example, job orders 
which enter the production system cause men to work, 
machines to run, queues to form, ete. In this way, job 
orders become the foreing function for the system. What- 
ever particular form is used, a model provides the frame 
of reference within which the problem is considered. 

The design aspect of the problem can be accomplished 
either by modifying the parameters of the model and 
examining the behavior of the system or by specifying a 
given design and examining behavior under varying con- 
ditions. The first type of simulation is exploratory in that 
the new design will result from information obtained by 
simulation. The second type is a form of statistical sam- 
pling. That is, a given design is subjected to many condi- 
tions in order to determine its suitability. The latter has 
been referred to as Monte Carlo sampling. Monte Carlo 
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sampling is defined by Brown as “any procedure which 
involves the use of statistical sampling techniques to ap- 
proximate the solution of a mathematical or physical 
problem (3).” Although there is no known distribution 
for scheduling type combinatorial problems, Monte Carlo 
sampling seems to offer a basis for comparing various 
decision rules. Non-parametric methods, such as lower or 
upper bounds, can also be used to evaluate the results. 
A lower bound to the scheduling problem, for example, is 
obtained from the comparison of demand and capacity. 
The total time required to process a given demand can 
be determined for each machine type, since the sequence 
in which parts are to be processed is not considered. This 
could be used for comparing the effectiveness of a given 
set of decision rules. 


AN EXPERIMENTAL SIMULATION’ 


The simulation runs described in this section were 
based on a model of an actual job shop. The shop had 
17 machine groups with a total of 85 machines. Each 
group consisted of a similar set of machine tools. This 
shop was chosen as being representative of the many com- 
plex problems encountered in job shop operations. There 
were large planer-milling machines, precision Blanchard 
grinders, multiple spindle drill presses, ete. The work 
processed in the shop consisted of a variety of orders, 
different lot quantities, small as well as large pieces, ex- 
pensive and inexpensive items. The job processing time 
per operation ranged from a fraction of an hour to sev- 
eral weeks. 

Certain simplifying assumptions were made in order 
to have a reasonable computer model. No lot splitting 
was permitted, nor was a job removed from a machine 
for a new job. Set-up jobs, although not torn down for 
high priority jobs, were not necessarily run if an idle 
machine was available for a higher priority job. Lap 
phasing, alternate sequencing, overtime, subcontracting, 
and expediting measures were not explicitly tested. 

The priority rules used for job assignments in the ex- 

* The computer program for this simulation was written for the 
IBM 704 by I. Rezucha, Data Processing Division, IBM Corpora- 
tion. 
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periment represent rules described in the literature or 
used in industry. The rules tested included the following: 


1. First come, first served. 

2. First come, first served within priority class 
3. Sequential rule 

4. Minimum imminent processing time. 

5. Maximum imminent processing time 

6. Earliest start date 


Although many other possible priority rules exist, this 
experiment was meant to be representative rather than 
an exhaustive test of all possible rules. 

The first-come-first-served rule is one of the classical 
rules in queueing theory. Applying this rule, the job which 
arrives first in a queue is given an absolute priority re- 
gardless of any other considerations. Arrivals at toll 
booths and at computers generally apply this rule. The 
three-pocket dispatching system of production control is 
essentially a first-come-first-served rule. A variation of 
this rule is the use of arbitrary priority classifications in 
conjunction with the time of arrival. Since inventory con- 
siderations are an important aspect of the scheduling 
problem, the value of jobs was used in the second rule as 
the basis for priority. Three value classes were used: 
high, medium, and low. The rule consists of choosing the 
first high value job which arrived. After all high value 
jobs have been served, the medium value jobs are taken 
next, based on the time of their arrival. Finally, the low 
value jobs are assigned. This rule, as well as all the oth- 
ers, is non-preemptive since, once a job is running, it is 
not torn down for a higher priority job. However, when 
a machine becomes available for new work, the higher 
priority class takes precedence, regardless of when any 
of the other jobs arrived. The latter rule is interesting in 
that it indicates potential inventory reductions resulting 
from the use of value classifications as the basis for the 
flow allowance. 

The third rule takes the flow allowance into considera- 
tion, as compared with elapsed waiting time and number 
of remaining operations. Since the flow allowance is a 
function of value, this rule indirectly takes inventory 
into consideration. The number of remaining operations is 
indicative of the amount of processing still to be com- 
pleted. In this way, the sequential rule attempts to main- 
tain a high probability of on-time completion. There are 
a number of possible variations of the sequential rule 
which are related to the method scheduling. The particu- 
lar form tested here is merely indicative of results using 
this approach. 

The minimum-imminent-processing-time rule has been 
mentioned as being useful in reducing the total expected 
waiting time. In actual practice this is a “sneak in” rule 
where the short jobs are processed first, since they do not 
appreciably affect the waiting time of other jobs. The 
converse rule uses the maximum imminent processing 
time as a basis for assignment. Where there is a high 
correlation with value, the latter rule is very similar to 
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first-come-first-served-by-value category. The basic prem- 
ise behind the maximum processing time rule is that 
by completing the long jobs first there is a smaller proba- 
bility of late completion. In actual practice, high value 
jobs with long processing time are often given the longest 
lead times. In effect, this is a form of safety allowance so 
that if a part is scrapped there is sufficient time to re- 
place it and still meet delivery commitments. 

The start-date rule is the most prevalent in industry 
today. In effect, this rule assigns a planned date on which 
the job should start in order to be completed on time. 
The start date is typically determined by multiplying the 
number of operations through which a job must pass by 
an arbitrary allowance. This rule does not consider value 
of the job, time of arrival into the queue, nor processing 
time as the basis for assignment. The job in a queue which 
has the earliest start date is assigned first. The sequential 
rule also employs a start date; however, time of arrival 
in the queue, value, and processing are all used as a 
basis for assignment, 

A slight variant of the start-date rule ts to specify the 
due date of each operation. Often the due date for the 
final operation is the only one shown; however, this does 
not provide a satisfactory degree of control. Since the 
start-date rule is currently practiced in industry, the 
implementation of a sequential rule would be readily 
facilitated. 


(Number 


Frequ¢ ney 


Fic. 9. Typical Distribution of Job Completions for Alternate 
Priority Rules 
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TABLE 1 
Mean Delay as a Function of Priority Rule 


Mean Waiting Time (days) 


Machine! | Noo! |— 
No. Machines Rule Rule Rule R Rule 
No. I No. 2 No. 3 No.4 | Nod 

30.5 l 0.1 0.2 +. 0.1 
2 38.0 1.5 1.4 1.9 2.4 
3 44.8 4 0.4 0.5 0.7 0.5 0.6 
4 49.8 4 | 0.5 0.5 0.6 0.4 0.4 
5 32.2 5 0.0 | 0.0 0.0 0.0 0.0 
163.1 4 3.56 | 3.8 3.6 
7 100.9 5 6.5 4.0 8.1 6.3 6.6 
5 54.9 21 0.5 0.3 0.4 0.5 0.4 
62.1 2 0.5 0.7 0.8 1.0 0.8 
10 56.0 3 1.0 1.5 ean 1.1 1.2 
11 49.8 | 7 0.5 0.5 0.4 0.5 0.5 
2 46.4 2 0.2 0.2 0.3 0.2 0.3 
13 63.5 2 | 0.5 0.8 0.6 0.5 0.6 
14 SS. 1 2 2.5 Fee 
15 105.1 2 5.0 4.2 4.4 3.1 6.0 
16 BS 6 5 3.2 2.3 3.2 2.1 2.7 
17 48.1 4 0.9 1.4 1.6 0.7 . 
Total 60.6 27.6 | 28.7 | 29.8 | 23.1 $2.6 


ANALYSIS OF THE SIMULATION RUNS 


The distributions of job completions for a typical run 
of simulated shop performance are shown in Figure 9. 
Two different load conditions applying the six priority 
rules were tested. The solid line represents a heavy load 
and the dashed line a light load. In addition to the mean 
completion, the skewness and range should be considered. 
In order that the number of jobs late be minimal a high 
negative skewness is desirable. This places the modal 
point of the distribution at or near the minimum devia- 
tion from due date. The shape of the distribbtion also 
assumes importance when one attempts to mimimize car- 
rving costs. | 

An analysis of these runs indicates that the distribu- 
tions do not change radically for the conditions tested. 
A true Monte Carlo sampling, however, would require 
extensive runs to find the distribution of completions 
under many different conditions. The shape of the dis- 
tributions, however, tends to change with the load. Maxi- 
mum variability is found for the medium load, indicating 
that the allowances were too large for this condition. The 
difference among distributions appears most significant at 
the heavier load. 

The mean waiting time was used to compute the wait- 
ing allowance for each value category. However, as was 
discussed previously, under certain conditions the mean 
waiting time depends upon the priority rule. A test run 
was made to determine experimentally whether the mean 
delay would be a minimum for the shortest-imminent- 
processing-time priority rule. Using actual shop data as 
the input, the results are summarized in Table 1. The 
number of machines and percentage of load are shown 
separately for each machine group. The mean waiting 
time in days is shown for each priority, rule. Since the 
load and number of machines differ for each group, the 
data cannot be considered as samples from a single popu- 
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Fic. 10. Comparison of Completion Distributions 


lation. The aggregate waiting time for the system, how- 
ever, could be treated as a sample from a given popula- 
tion. Since there was no replication of the individual 
rules, there is no estimate of their variance. Therefore, to 
test the hypothesis that the aggregate mean waiting time 
for the prority rule using the minimum imminent process- 
ing time differs significantly from the mean of the pop- 
ulation, the Students ¢ test was used. The results indicate 
that there is a statistical difference in the mean waiting 
time for this rule from the other rules assuming this 
simulation run as a representative sample. This rule 
could therefore be employed where minimizing the wait- 
ing time is a primary objective. Scheduling for com- 
puters often utilizes this rule, since in this way the wait- 
ing time of programmers is reduced. 

To establish the basis for the flow allowance, another 
test run was made. The mean waiting time does not pro- 
vide adequate a&surance of meeting a desired percent of 
completions. If the waiting time distribution is Poisson, 
then there is approximately 90 percent assurance that the 
wait will be less than the mean plus one standard devia- 
tion. To determine the effect of flow allowances on the 
distribution of completions, three runs were made with 
the sequential priority rule. The first run used the mean 
waiting time for each machine group as the basis for 
assigning allowances. The second run used the mean plus 
one standard deviation (assuming a Poisson distribution). 
The third run used the mean waiting time for the entire 
shop as a uniform allowance for each machine group. 
The simulated factory load was approximately 80 per- 
cent of capacity. Figure 10 shows a comparison of the 
job completion distributions for the conditions tested. 

Where the allowance included one standard deviation 
(Run No. 2), only 7.6 percent of the jobs were late. 
Using a variable delay at each machine group as the 
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allowance, without the standard deviation (Run No. 1), 
56.6 percent of the jobs were late. In Run No. 3, using 
a single grand mean as a uniform allowance, 39.1 per- 
cent of the jobs were late. It is thus apparent that the 
flow allowance should provide for variability. The num- 
ber of standard deviations to add to the mean depends 
both on the density function and the desired confidence 
level. 

A test was made to determine the effect of changing 
the value categories. As can be seen from Figure 11, the 
minimum cost occurs approximately at the division of 
30 percent high value and 70 percent low value jobs. A 
separate run was made with three value categories. In 
this run the categories were 67 percent low, 23 percent 
medium, and 10 percent high value. The results of this 
run produced a cost of 337,000 dollar-days of work-in- 
process inventory, as compared to 342,300 for the two 
category classification. Thus, there appears to be a mini- 
mum carrying cost which is a function of the percent of 
jobs in each value category. 

A comparison of four priority rules was made with 
fixed and variable flow allowances. Rules 1, 2, 3, and 6 
were run with a fixed allowance of 4 day per operation. 
A second run was made applying the partitioning prin- 
ciple for value categories described previously. The re- 
sults of these two runs are shown in Table 2. 

An examination of the data reveals a number of inter- 
esting facts. For example, note that there was no change 
from Run No. 1 to No. 2 for the first two priority rules 
except for the completions which were improved in both 
eases. On the other hand, the second two rules improved 
both in carrying cost and completions. The latter im- 
provement can be attributed in part to the fact that the 
second two rules tend to enforce the planned waiting 
allowances, whereas the first-come-first-served 


TABLE 2 


Comparison of Fired and Variable Flow Allowances 


Firet Served Start Date 


Priority Firet Come, 
By Value ule Rule 


Rule Served 


Run 1 Run 2 Runt! Run 2 Run 2 Runl Run 2 


U 

Capacity 88.9 #£=&88.9 1 80.7 BS 1 
Wait Time 

High Value 

obs 0.75 0.75 0.10 0.10 0.58 0.12 0.66 0.22 
Wait Time 

Medium Value 

Jobs 0.73 0.73 ' 0.18 0.15 0.55 0.22 0.64 0.34 
Wait Time 

Low Value 
Jobs 0.72 0.72 0.92 0.92 0.5 1.04 0. 06 0.97 
Wait Time 
Total 0.73 0.73 0.64 0.64 0.56 0.74 0.06 0.73 
Dollar-Dayse 

Carrying Cost 538 538 338 338 457 38U 516 414 
Coat Ratio 80.6 6 2.4 82.4 87 .7 80.1 85.9 
Percentage of 

Jobe Late 42.2 14.7 31.7 5.0 31.3 0.0 54.2 4.0 
Mean 
Completion 61 3.27 .12 3.59 16 2.68 56 2.91 
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Fic. 11. Comparison of Carrying Cost for Different 
Value Categories 


tend to have waiting times which are independent of the 
supplied allowances. This is evidenced by the fact that 
the waiting time remained unchanged for the first two 
rules despite a radical change in the allowances. The 
partitioning of waiting time based on value was most 
effective for the sequential rule. For example, the per- 
centage completions on time and mean completion are 
best for the sequential rule in Run No. 2. In addition, 
the variance of the distribution of job completions Was 
Different 


methods of assigning waiting allowances might also im- 


a ominimum for both runs with rule three. 


prove the other priority rules. 

As a final test, the sequential-priority rule was run 
with different waiting allowances in an attempt to mini- 
mize the variance and earrving costs. The runs inelude 
the two previous ones just described in addition to two 
others. The summary of the four runs is shown in Table 
3. The primary difference among runs was the change 
in planned flow allowances. The first run had a Y-day 
allowance per operation; the second had 1.4-days allow- 
ance; the third had a variable allowance based on value 
category and machine group; the fourth run used feed- 
back from the simulation to correct the previous allow- 
ances. 

As can be seen, there is a considerable improvement in 
the last run. Although the second run had all jobs com- 
pleted on time, the ecarrving cost of 566,100 dollar-days 
cost is the highest in these runs. The variable allowance 
achieved equally good completions, and in addition a 
reduced earrying cost of 388,800 dollar-days or a 31 per- 
cent lower cost. The last run shifted the mean comple- 
tion closer to zero, as well as achieving a further redue- 
tion In carrying cost. 

It is apparent from these last runs that the correct al 
lowances not only insure good completion distributions, 


ing a priority rule to enforce the flow rates appear to 
provide a suitable method for scheduling jobs where there 
are competing demands for searee resources and high 
variability. 


CONCLUSION AND SUMMARY 


The behavior of a job lot production system is extremely 
complex and determination of optimal decision rules is a 
difficult problem. The present study was concerned with 
evaluating the applicability of sequential decision rules 
to the scheduling problem. Decision rules which are based 
on the value of parts being processed appear to provide 
reduced costs while still assuring a desired completion 
level. A variable flow allowance is obtained by partition- 
ing the mean queue time for each specific machine group. 
The flow allowance was made inversely proportional to 
value. Thus, by increasing the flow rate of high value 
jobs, inventory costs were minimized. To insure that the 
planned flow rates would be carried out, a priority queue 
discipline was established based on correcting for devia- 
tions from the planned flow. In this way, decisions were 
made sequentially rather than attempting to predict the 
precise job assignment permutation. 

The variable flow rate can also be applied where value 
is not important. In this instance, there would be no parti- 
tioning of the mean waiting time, but rather the waiting 
allowance would be based solely on which machine groups 
the jobs were to be processed. Where there is a wide range 
of variability in machine utilization, there is a concom- 
mitant wide range of waiting time. Where this condition 
prevails, supplying a uniform waiting allowance for all 
jobs does not provide suitable confidence levels for insur- 
ing on-time completions and results in excess carrying 


TABLE 3 
Effect of Changing the Flow Allowance 


Priority Rule No. 3 Run | Run 2 Run 3 Run 4 
Utilized RS 4 91.1 80.7 890.5 
Capacity 
ae Time 0.58 0.84 0.12 0.12 
High Value Jobs | 
Queue Time 0.55 0.72 0.22 0.21 
Medium Value Jobs 

Queue Time 0.56 0.70 1.04 0.96 
Low Value Jobs 

— Time 0.56 0.72 0.74 0.68 
Total 

Dollar-Davs 456 .6 556.1 388 366 
Carrying Cost 

Cost Ratio 87.7 90 .0 84.7 83.9 
Queue to Total 

Percentage of Jobs 68.7 100 .0 100 .0 09.7 


Completed on Time 


but also reduced carrying costs. Thus, applying the parti- Mean Completion 0.16 2.68 2.68 1.68 
tioning-principles to establish waiting allowances and us- page pe 
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costs. On the other hand, the variable flow rate can be 
used to achieve improved performance where there is 
variability in mean waiting time from one machine group 
to another. However, to implement the variable flow rate. 
a priority rule is required which considers the rate speci- 
fied. 

Monte Carlo simulation was used to evaluate the 
sequential rules under various shop conditions. This ap- 
proach appears to provide an extremely flexible means 
for studying the behavior of complex systems where 
analytical formulations are not available. Statistical ex- 
periments can be carried out, including replication, which 
would otherwise be impossible directly in the factory. 
Computer simulation also provides a means for evaluat- 
ing some of the interdependencies in a production sys- 
tem, for example, determination of the correct balance 
of productive capacity with inventories resulting from 
queueing and customers service requirements. Factory 
layout, type of equipment, flow rates, single vs. multi- 
channel service centers, could be easily evaluated. Loca- 
tion, type, and size of buffer inventories could be estab- 
lished. Correct lot size in relation to productive capacity, 
queueing, and alternate flow paths could be evaluated. 
The significance of varialnlity in time standards could 
be determined in relation to the planning and execution 
of a production program. Simulation could assist mn these 
and many other problems still requiring further research. 

Probably one of the most fascinating aspects of simu- 
lation is the possilility of direct application to factory 
control. When new products are manufactured, or the 
mix changes, the impact on factory facilities could 
quickly and accurately be evaluated. Decision rules 
could be tested continuously to determine their suit- 
ability. The computer provides a laboratory where com- 
plex production problems can be examined. A_ better 
understanding of the behavior of production systems will 
lead to improved decision rules. The present research has 
demonstrated that computer simulation and Monte Carlo 
sampling are powertul methods for the evaluation of pro- 
duction decision rules. Futher research with these tools 
will undoubtedly yield considerable insight and theory 
on which to base optimal production systems design, 
much as mechanical, electrical, and other systems are 


now designed. 
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PROCEEDINGS OF THE TENTH ANNUAL 
NATIONAL CONFERENCE OF THE 
AMERICAN INSTITUTE OF 
INDUSTRIAL ENGINEERS 


Held May 14, 15 and 16, 1959 
Biltmore Hotel, Atlanta, Georgia 
AITE Members $5.00 
N Members $7.00 
Orders should be directed and checks made payable to 


American Institute of Industrial Engineers 


145 North High Street, Columbus 15, Ohio 


DISTRICT INDUSTRIAL ENGINEER 


BS or MS Degree Industrial or Mechanical En- 
gineering with postgraduate studies production 
control, tool design, material handling, industrial 
psychology, etc. Practical industrial experience 
required with at least 2 years supervisory capacity 
in fabricating industry. Experience as machinist 
or tool maker desirable. 


Excellent opportunity large copper company 
Chile, South America. 2 year contract with trans- 
portation both ways and salary while traveling 
paid by Company. In reply give complete details. 


Send resume to Box O, Journal of Industrial 
Engineering, A. French Bldg., 225 North Ave., 
N.W., Atlanta 13, Georgia. 
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by FRANK J. JOHNSON 


Preside ni of the Am: wan ot Industrial Engineers. [069-00 


Organization for the Challenging Sixties 


iS ANY organization, whether it be business, chureh or 
professional its operating 
structure is always desirable, particularly when it is 


society, constant study of 
young, dynamic and growing rapidly. As all of vou know, 
the American Institute of Industrial Engineers has only 
been in existence for eleven vears. In this period we have 
enjoyed an almost unbelievable growth, resulting in, as 
we could expect, some “growing pains.” 

During the past three or four vears, many changes 
have been required in our organization strueture and it 
has generally kept pace with our growth. Only last vear 
we were forced to increase from six to ten regions How- 
ever, during the past vear more and more problems have 
been brought to the attention of the Vice Presidents by 
the membership throughout the various regions. As a 
result of this “feedback” it became apparent that a 
thorough look at our organization structure was in order, 
not only to correct some of the current problems but also 
to place us in a position to meet many of the new prob- 
lems which will be created during the next few vears. 

Last spring HM was evident that we should go ahead 
with a complete study of the national organization. Your 
president, with the concurrence of the Executive Com- 
mittee, appointed Mr. Jack F. Jericho, our National 
First Vice President, to chair a special committee to 
study this problem. He selected a committee consisting 
of the following well-known members: 


W arre n ris, Board r-at-Large 
George H. Gustat, Immediate Past President 


March—April, 1960 


Alex W. Rathe, Chairman, Professional Relations Commiuttee 
Andrew Schultz, Jr., Director of Research 

Flovd J. Titler, Executive Secretary 

Wilham J. Vallette. Vice President, Region I 

Raymond Villers, Chairman, Organization Planning and Re- 


- 


search Committee 


These gentlemen first isolated the major problems 
which existed in our present organization. Some of the 
most important follow: 

1. Chapter cognizance regarding activities being carried on by 


the national officers and committees was madequate 
There was considerable overlap of project work within the 


te 


various national commiuttees 
3. A minimum of continuity existed as regards the Executive 
Committee, the Board of Trustees and the national officers 
Control procedures existed with little or no enforcement 


powers 
5. There was an inconsistency of dates, such as the term of 
office for national officers and national directors (May for 
officers: October for directors.) 
6. Little or no representation im the area of professional ad- 
vancement and long range planning existed on the Executive 
Committee and the Board of Trustees 
Too many functions reported to the President and to the 
First Vice President. making it very difficult for these fune- 
tions to receive adequate coordination and leadership from 
the top officers of the Institute 
The organization did not provide for a committee on condi- 
tions of practice and ethics for Industrial Engineering 
9. No central bureau existed where the chapters could go for 


assistance in selecting top professional speakers who were 
qualified in the technical aspects of Industrial Engineering 
for use at chapter meetings and conferences of any type 
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Fic. 1. American Institute of Industrial Engineers, Inc. National Organization Chart 


Several proposals were developed, taking into con- 
sideration the ideas from all committee members. These 
proposals were presented to the Board of Trustees at the 
October 17, 1959 meeting and with some minor changes 
the basic plan of re-organization was adopted. A copy 
of the new organization charts are shown in Figure 1 and 
Figure 2. Pending approval by the membership of the 
Constitution changes which are required as a result of 
this new plan, the organization will go into effect with 
the 1960-61 administration. While no organization struc- 
ture can possibly eliminate all of the problems which 
exist In a society as dynamic as ours, your present na- 
tional officers and board feel that the new structure is 
definitely a major step forward in the history of the 
American Institute of Industrial Engineers. 

To give each of you a feel for some of the improve- 
ments made, it might be in order to discuss some of the 
major areas in more detail. For instance, in the current 
organization, ten functions report directly to the Presi- 
dent. Under the new structure only five officers will re- 
port to him. In the present structure, eighteen different 
functions report to the First Vice President. Now, only 
eight will report to this man who is re-identified as Ex- 
ecutive Vice President. I think all of you will agree that 
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this should greatly relieve two of the key officers, making 
it possible for them to do a better administrative Job. 

To bring about strong continuity in the long range 
development of the Institute, particularly in the area of 
professional development and professional relations, re- 
search, and long range development of policy, a new posi- 
tion, Vice President—Professional Services and Planning, 
has been established. 

Directors for each of the foregoing functions will re- 
port directly to this new position. This new Vice Presi- 
dent will also become a member of the Board of Trustees 
and the Executive Committee, which will regularly ex- 
pose him on a monthly basis to the many problems re- 
ceived from the chapters. This should enable the long 
range group to get a better feel of the problems which 
are encountered by the backbone of our organization, 
our membership. 

The national chairmen heading up the functions which 
are closely related to the month-to-month operation of 
the chapters will report directly to the Executive Vice 
President. This change and the creation of the Profes- 
sional Services and Planning Group, will certainly reduce 
the overlap of effort which has existed for some time be- 
tween many national committees. 
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During the past few years, many of us have encoun- 
tered problems in getting clearance and approval for 
conferences. We have complained about delays in getting 
membership applications processed, and many of us have 
been concerned that we really do not know what is going 
on in the national organization. 

While it is not possible to eliminate all of the irrita- 
tions, we are confident that placing more activities under 
the control of the Executive Secretary is a step in the 
right direction. Another area of complaint, which has 
been heard so often in the past, is the lack of coordina- 
tion in publications. With the newly created job of Vice 
President—Publications, this problem should be allevi- 
ated. This centralized function should be able to provide 
single source answers to our most vexing problems. 

Any time a new organization is developed, new posi- 
tions are established. Let’s look at some of these impor- 


tant functions. 


1. A chairman has been established for community services 
There has been a great need for more development in this 
area, and it will help the chapters in knowing what can be 
done in contributing to the betterment of the community 

2. Another newly created job is the chairman of conference 
budgets. There has been a need for this ivpe of guidance for 
some time, and we are confident that development work 


which can be done by this chairman will greatly enhance our 
financial situation. 

3. For some time many of the leaders in the Industrial Eng- 
neering profession have indicated a need to establish condi- 
tions of practice and ethics for our work. The new organiza- 
tion provides for this and while it will take some time to 
develop the needs of enforcement and controls im this area, 
a start has been made. 

4. The Professional Relations Committee has traditionally been 
one of our largest and most active bodies. In recognition of 
the outstanding contributions to the recognition and en- 
hancement of status of our profession, this activity along 
with professional development is assigned to a very promi- 
nent role in the new organization 


While many details still remain to be worked out, such 
as the development of specific job descriptions, we are all 
confident that the new organization of the American In- 
stitute of Industrial Engineers will enable our society to 
meet the many challenges which lie ahead during the 
Sixties. After the new organization structure has been in 
operation for a few months it is possible that some minor 
refinements may become necessary. I am sure that all of 
you will be patient with the next administration until 
they can get all of the “bugs” worked out. I know that I 
am speaking for all our members when I pass along a 
deserving “well done” to Jack Jericho and his committee. 
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ANNUAL REPORT ENGINEERS JOINT COUNCIL 
ACTIVITIES 

The ALLE is one of the 10 constituent societies that make up 
the Engineers Jount Council. During the past vear we participated 
on 12 major committees of the EJC im addition to being repre- 


seented on both the Board of Directors and the Executive Com- 


mittee 


Constitution and By-Laws—(Mr. Irving A. Dellhoff) 

This committee considers proposals for changes in the Consti- 
tution and By-Laws of the EJC and makes recommendations to 
the Board of Directors. In 1959 a study was completed of the term 
of office of members of the Engineering Manpower Commission 


Employment Conditions—(Mr. R. A. Engle) 

A report was prepared showing the trend of union activities 
over the last 3 vears on engineering campuses. A copy of this 
study was submitted to all constituent someties for their informa- 
thon and wee 

A study was completed but not vet issued on the subject of 
~<afeguarding confidential companys information 

A current backlog exiets of 30 projects for this committee to 


stud, 


Engineering Manpower Commission—(Mr. Clifford H. Doo- 
littl, Mr. C. R. Bover and Mr. J. F. Jericho) 

During the vear, the commision published reports summarizing 
the result« of two major survevs conducted during the vear De- 
mand for Engineers, and Engineering Graduate Placement. A re- 
lated =pecal study was alxo made of trends in Freshman Engineer- 
ing enrollment 

W ork ke continuimg im coordination with the Seentific Man- 
(ommimsion to find a sati-factors approach to iumpleme nt- 
ing the recommendations developed im the study on Government 
Contract Procedures and Engineering Manpower utilization 

The EMC continued to weve jointly with the Scientific Man- 
power Commimion, The Engineering and Screntific Manpower 
Newslette: 


Engineering Sciences—(Dr. J. M. Juran) 

As a result of a study by the group the EJC has submitted a 
proposal to the National Scenes Foundation asking for a grant ol 
$34,000 with which to prepare a plan for developing a complete 
National Engineers Register 

This committee alko submitted recommendations to the Pre=i- 
dent of the United States for appointments to the Board of Direc- 
tors of the National Science Foundation 

An effort » aleo under wav to secure increased fund. from the 
National Serence Foundation for engineering research 


Honors for Engineers—(Dr. William J. Jaffe) 

This group has under study the advisability and feasibility of 
a “Hall of Fame for Engineers.” In addition, this committee i 
responsible for submitting the names of Engineers to the Hall of 
Fame of Great Americans that ~ housed at NYU 
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One future project of interest is the selection of individuals for 
nomination for the National Medal of Science. 


International Relations—(Professor David B. Porter, Mr. 
Lloyd Smiley and Mr. Samuel Stephenson) 

The chief responsibility of this committee is to cooperate with 
engineering groups in other countries. Its major area of activity 
has been with the Pan-American Federation of Engineering Soci- 
eties in connection with the Sixth Convention to be held im Ar- 
gentina in September, 1960. This group is also participating in a 
Pan-American Conference on Engineering Education in coopera- 
tion with the American Society of Engineering Education. 

This group is also responsible for arranging the exchange of 
students between countries for training within industry 

In December, 1959, the Committee was host at a meeting with 
Science Attaches of Foreign Countries held in Washington 

A future project of interest is the possible formation of a Pacific 
Far East Federation of Engineering Societies 


Membership Committee— (Mr. Arthur C. Seccia) 

During the past vear this group reviewed and recommended 
for approval the requests of the North Carolina Society of Engi- 
neers and the American Railway Engineers Association for mem- 
bership in the EJC 


Public Relations—(Mr. O. J. Feorene) 

The most significant accomplishment of this committee was on 
the public service advertising program undertaken early in the 
vear 

Space was purchased in Editor and Publisher that was seen by 
20.000 publishers, editors, reporters, and radio and TV newsmen 
with the object of improving their understanding of engineers 
and engineering 

Reprints of these ads and other publicity releases also reached 
the editors of all member society publications ; editors of 100 
company magazines, and 348 Engineering and Serence publica- 


tions mn this country 


National Engineers Committee—(Mr. John Shelton) 

The chief responsibility of this committee is to assist in the 
formulation of sound policies respecting national affairs wherein 
the engineering profession can be helpful through the services 


and advice of its members 


Recognition of Specialties—(Mr. Warren E. Alberts) 

The responsibility of this group has undergone a basic change. 
It« new charge is fo investigate and make recommendations on 
the wavs and means of bringing about further cooperation among 
member societies. This is an important change in direction and 


one which ww of vital interest to us 


EJC-ECPD Committee on the Practice of Engineering—(Mr. 
Henry Owades) 

This group has been working on a policy on the corporate 
practice of engineering. There is much work vet to be done before 
unanimity between all the member societies can be achieved. 


Who's Who in Engineering—(Col. Frank F. Groseclose) 

The past vear has been spent in working with Deans and 
Alumni Secretaries in seeking out and recommending to Editors 
of Who's Who m Engineering those engineering graduates whose 
records for the past 10 vears or more clearly show inclusion of 
their accomplishments would be of special value to the areas of 


the publication 


Automation Committee—(Dr. A. W. Rathe) 
This committee is charged with an examination of the broad 
field of automation and to report the recommendations as to 
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what action EJC might take in preparing a comprehensive study 
of this field 

During the past vear, AILTE has been represented on both the 
EJC Board of Directors and the Executive Committee by Dr 
A.W. Rathe. with Mr. H. Asheroft, Jr., alternate 

In addition to the work earned on m connection with hIC 
committees four task forces were assigned with pectic responsi- 


bilities during the past veal 


Task Force to Determine the Bee quire me nis for AMIE De - 
gates to the EJU—(Mr. Robert & Rie Charman, Dr. W J 
Jaffe and Mr. Morlev Mathewson) 


This task completed studs bye fore the deadline that 
had been esxtablixhed. The recommendations were submitted to 
the Board of Trustees in October, 1959, by Dr. Rathe and ap- 


proved at that tin 


Tash Herbert Asheroft. Jr 


2 The Ts 
Alberts and Mr. John Yaklevich) 


Chairman, Mr. Warren E 

This task force submitted a report to Dr. Rathe recommending 
in bref that the term of office of the perine ipal delegates be three 
vears, alternates be appointed to succeed the principal delegate, 
the Board of Trustees approve the personne| <elected for RIC 
Committees and further recommending that the duties and re- 
«ponsibilities of AITE Delegates should be defined. This task 


force expects to complete its work early m the venus 


3 Task Fa LLL Pro ‘ dure Nir John R shy lton) 


The main ALLE of this task force ts to prepare a state- 
ment to be used as a guide by AILE members on EJC Com- 
mittees and also to pre prare the necessary administrative proce- 
dures te bo followe be thee ke gates 

A draft of both prorknens statement and procedure s has been com- 


pleted and is in the process of review 


Delloff and Arthur © 


Tash Force 
2 Feorene 


Seceia) 


(Charman, Irving A 


All National Officers, Board Members at large, Chapter Pre=- 
dents, Past National Presidents and Regional Vice Presidents and 
Members of the Profesional Relations Committee were contacted 
for recommendations of individuals qualified to serve on EJIC 
Committees. As a result of this survey a preluminary het of thirty 
outstanding Industrial kngineers holding down responsible 
trons in this country has been prepared 

Complete informational background is now le ing accumulated 
for each of these individuals and a summarized het will be sub- 
mitted to the chairman of the Profesronal Relations Commiuttes 
on or before the first of April, 1960. Alter approval by the Chanrr- 
man and the Board of Trustees this het will be used to fill va- 
cancies or hew positions arising from relationships with the EJC 

Generally speaking, Industrial Eengineering activity was charac- 
terized by active, intelligent, and well received participation that 
reflects our sound judgment m imeimting that only outstanding 
members of our profession be assigned the responsibility of rep- 
resenting the in the Engmeers Jomt Council 


Respectfully submitted, 
O. J. Feorene, Director, EJC Affairs 
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AUTOMATION 

“Engineering Application of Duntal Computers,” H. D. Trem, 
MECHANICAL ENGINEERING, page 49, January 1900) 

Are computers worth while, and are they being used effectively’ 
This question discussed from the viewpomt of the practicmg en- 
gineer. (J. M. Barksadale—Ethyl (Corporation) 


“What's Ahead in Automation for the Nation's Smaller Office?” 
Robert N. Smith, MANAGEMENT, page 19, October 1969 

Computer manufacturers are pushing service center concept as 
one answer to small concerns dilemma over high costs 


“LACT: 4 Years Old and Growing Fast, THE OM AND GaAs 
JOURNAL, page 76, December 7, 1960 

In many crude oi! fields a new and mexpensive Lease Auto- 
matic Custody Transfer «vstem i gaming increasingly wider ac- 
ceptance Advantages are ¢limination of expensive tankage, in- 
creased value of the oul, increased safety and drastic reductions 
in paper and record work. Fully automated oi! and gas production 
within 5 vears using digital-computer control » now bemg pre- 
dicted (A L F Corporation) 


GENERAL 

“You Told Them Youre Unhappy.” R. PF. Premed, cnemica 
ENGINEERING, December 14, 1969 

Conflict between the engimeermnmge mind and the management 
mind is still a fundamental and unresolved problem m American 
industry, according to a study just released by Opinion Research 
Corporation (ORC), Princeton, NJ. ORC reports that engimeers 
and scmentists working for large corporations are anything but 
happy with their lot. This frank and objective article lists baste 
conflicts between managers and engimeers, gives reasons behind 
the conflicts and discusses new approaches to resoly ing the con- 
fluets. (J. M. Barksdale—Ethyl Corporation) 


“Here's Easy-Way Job Scheduling,” Reep, ractony, pag 
“?, December, 1969. 

A template and a tabular report banwh scheduling problems 
for General Electric in many plants where several thousand prod- 
uct variations are assembled from stock and non-«tock subasem- 
bhes, for which specifications and raw materials are already avail- 
able. A print-out report totals evele time for each component, 
shows various manufacturing areas and capacity, several weeks 
ahead. The right template, placed over the print-out report. re- 
veals loading, week by week, for sequential manufacturing areas 
(B. M. Bryant—Ethyl Corporation) 

“Chart Your Way to Better Maintenance,” ractony, page 148, 
December, 1969. 

Looking for better maintenance productivity? One way to get 
it, mamtenance experts say, is by better supervision. Give your 
supervisors the right facts to make imtelligent decisions. Manage- 
ment people at Aluminum Company of Canada have found that 
four simple trend charts telegraph the facts: 
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1 Crew Work Backlog 

2 Percent of Work Planned 
2 Job Estimate Accuracs 

i Performance Index 


Bryant kth yl poration 


cloping VW anadge wal B adehaw, MECHUANI- 


CAL ENGINEERING, page <=", January 1900 

There is widespread experimental literature to prov 
t managets share certain common charac- 
digested, and 


that about 


three fourths of the bes 
The characteristics w n spelled cut 
mterpre ted poimt to an individual who i « motionally mature and 
likely to take it out on others, apt to have time tor 


V Ba whale th yl “sre 


i laxed, nat 
planning and personnel problems. (J 
poraleon ) 

“()bligations of an Engineer,” Glenn B. Warren, MBCHANICAL 
ENGINEERING, page o!, January 1960 

li we cant se bevond mir profession, the prolession suffers 
Here are excerpts trom President Warren's address at the So- 
eiety’s Semi-Annual Meeting, a directive to engineers to broaden 
Leth their thinking and active participation i pruubolae affaires. (J 


Ba sdal th ui ‘oO poration | 


“Four Ways to Spur Production On Your Present Plant Site 
J. R. Walley. mon ace, page 109, December 3, 109 

A proven four-way system should help every 
the heavy demands of the coming boom without adding floor 


company meet 


space to your present plant 


“An Analysis of Scu niiic Management James 


Grreem 

The absence of definite statements on wag theory im the writ- 
ings of F. W. Taylor has led the author to » uch the history ol 
wage theories for one or more to which Tavlor would subscribe 


In this article, the classic wage theories are first discussed briefly 


ADVANCED MANAGEMENT, page November 1969 


then each is scrutinized in the light of the available writings of 


the “Father of Scientific Management _ 


“The Board of Directors: Ite Compositron and Significance, 
Robert E. Kennedy, Jr. and Riwa H. Weat, Jr. ADVANCED 
wEMENT, page 8, November 1969 

With the general separation of management and ownership. 
objectives are frequently blocked by conflicting inter- 


corpora 
* mplove stockholders 


ests among public opmon 
and government. Successful reconciliation may depend on the 


Board of Durectors 


“Using Ry fired Ervecutics as Teachers of Business Pohcy,’ 
Thomas NX Sf Hill and Suojanen, ADVANCED MAN 
MENT, page 4. November 1969 

Not only do students benefit from a close relationship with a 
“real” executive he is aleo one of the factors to he considered 
bw the university administrator faced with a shortage of protes- 


sonal metructors 


“Qur Present Industrial Troubles—And The Ofhice Robert M 
Smilh, OFFICE MAN AGEMI NT, 71, Now mber 1969 

Labor's current last-ditch fight against changes in work rules 
may foreshadow new interest in office unonization 

“How Real Is The Engineer Shortage,” Earl C. Huhicek, 1s- 
PUSTRIAL RESEARCH, 1949 

There has not been one vear in this decade when the require- 
ments were satisfied by hirings. This shortage has driven starting 
salaries up im the pant ten vears this vear s average is eati- 
mated at $475 Salaries of experienced engineers have not kept 
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pace Thix combination of factors 1s fostering job changing of 
experienced engineers at an unprecedented scale Another detri- 
mental factor 1s the use of engineers as non-professional techni- 
There is no strong desire to stay in the technical field, and 
is looked upon as the only route to ad- 


Eth yl Corporation ) 


clans 
the managerial route 
vancement (A L Fre drnchs 


MATERIALS HANDLING 


“The Economics of Contain nization, 


Spalding, MATERIAL HANDLING ENGINERRING, page 


‘CO W. Bent and Vaughan 


9), Nowe mber 


1959. 

Transportation authorities have little doubt that 
tion, the principle of using a physical “envelope” 
number of individual packages or units for shipment, i 
transportation. Contamerizatvion 


ceontameriza- 
te consolidate 


a large 
the next major development in 
combining transportation with packaging, material 
and can bring lower handling costs 
both large and sm ill 


is a concept 
handling, and dietnbution 
and speedier shipments for many companies, 
(N. Sparks Ethyl Corporation) 


“Hou lo Ne lect ) our Drive Syste Ww Wilson and H 
Landes, O1L AND GAS JOURNAL, page 113. December 7, 195%. 

In 1955 and 1956, the chemical and petroleum industries spent 
+ 2 billion dollars for their purchased fuel and electric-powe 
This cost for energy 1s 15% greater than the total 
equipment during this same 


ove 
requirements 
expenditure for new machinery and 
period. Thus the umportance of proper drive equipment ts brought 


home 


“A Look at Future Needs,” Lt. Colonel G. A. Daves, USAF ., 
MATERIAL HANDLING ENGINEERING, page 58, December 1969 

The author outlines the tremendous material handling problem- 
to be faced by the Aur Force mm the Space Ag To meet the ar- 
celerating demands, he mentions suc h possibalitae * aS Sspray-par k- 
aging of parts on a fast conveyor line, photographic labeling ot 
a convevor line giant phneumath eonvevor svstem., 


package on 
Eth yl (orpo- 


and rocket transportation of cargo. (N. E. Sparks 


rafwn) 


QUALITY CONTROL 


“How Value Analyst Promotes Better Produet Acce plance 
R. H. Eshelman, ON AGE, 117. Now 19. 1959 

Whv over-<design? All the end user wants ts performanes 

Give vour own work-force the job of frnill-cutting But it takes 
a real «vstem to put it into practice 


“Product Quality: Pretty Good Isnt Good Enough,” Frank 
H. Squires, THE MANAGEMENT REVIEW, page 15, October 1959 
Quality control should eontrol all activities that affect 
quality of the product, including the sources from which 
components are pur hased and the fabricating proc- 


the 
raw 
materials and 
exs within the plant. This function with such widespread influence 
should not subordinated any «ingle departme nt It is 
yal that top management he involved since it alone can give 
euficient authority to the board eontrols that are necessary. (A 
L. Friedricha—Ethyl Corporation) 

“How to Lose At The Quality Control Game,” Brainard E 
Sooy, QUALITY CONTROL, page 14. October 1969 

A lack of knowledge, a certain amount of bull-headness and 
disregard for the laws that govern te ns actions and reactions can 
eause failure in a Quality Control program. Starting with too large 
an organization, using complicated control charts and unintelligi- 
ble reports, and making himself and his inspectors unacece ptable 
to the workers and supervisors, will assure the failure of a Q. © 
engineet. (A. L. Free drichs -Ethyl Corporation) 
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SYSTEM AND PROCEDURES 
“The Pre pares for Tomorrow's Challe nde The Editors. 


DUN'S REVIEW AND MODERN INDUSTRY, September 1969 

In most companies, the cost of office operations is reing yeur 
by vear. De Spite some successes In individual concerns, manage- 
ment as a whole is still a long way from getting the paperwork 
This eight-part Special Report to Management 


under control 
now taking place in office 


examines the basic changes that are 
Operations all across the nation, as management prepares for a 
decade of expansion. (J. M. Barksdale—Ethyl Corporation) 


“Hlow We Cut Plant Pape rework S? Perce ag Le ster E Bond. 


OFFICER MANAGEMENT, page 39, October 1959 


Production Is speeded, too, hy le 
simplified svstem for processing purchasing orders at Vinson Mig 


contractor under new 


“Kvery Order Filled in a Day,” Stanley J. Dzmban, orrie 


MANAGEMENT, page 27, October 1959 
The proud accomplishment of Anaconda Wire and Copper 


since its imstallation of a new communications system to speed 


r proc 


WORK MEASUREMENT 

“Work Sampling m Maintsnance, 
1959. 

How United Air Lines has succeeded in hiting from 54° to 
7‘@ the productive use of a worker's time at its San Francisco 


maintenance center. (B. M yant Eth yl Corporation 


ractory, page 72, December 


“Checking Machine Use—Setentifically,’ Donald W. DeVoss, 
OFFICE MANAGEMENT, page November 1959. 

Direct observations of machine usage—at random intervals 
and in alternating sequence—can furnish a reliable guide to need 
Another appleation of the work » impling te chnique 


BOOKS 

“Proccedinas of Engines ind kKeonom 7 Symposium, jointly 
sponsored by ALE and ASEE, Pittsburgh, June, 1959, THE ENGI- 
NEFRING FOONOMIST. ite of Technology, Hoboke 


(othe raj 


THE EDUCATION OF AMERICAN BUSINESS MEN, by Frank C. Pier- 
Mi Graw-Hill Book (ompany, Inc., New York, 


and othe 


1969, 740 pages, 


ENGINEERING ECONOMY (Third Edition), by FE. Paul De Garmo. 
The Macmillan (‘ompany, New York, 1960. 580 pages 


IDEAS FOR MANAGEMENT, papers and case histories presented at 
the nth Annual Inte national Syste Me fing. Cal (Crore 
don, Editor, The Systems and Procedures Association. Publish r, 


i Penohacot Building. Detroit. Vichigan, 1959, 440 pages. 


BUSINESS EXPERIENCE WITH ELECTRIC CompUTERS, by B. Conway, 
Gibbons, D. Watts. Directors af Price Wate rhowse and ('om- 
pany, New York, a report prepared for Controllers Institute, Re- 
arch Poundation. Park Ave nue, Ne w York lf, New York, 
1959, 191 pages 


OPERATIONS RESEARCH. an Annotate d Bibliography, by James ie 
Batche lor. St Louis neversily Pre Si Louts, Missouri, 1959, 
S05 pages, $10.0. 
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THE ANALYSIS of variance, by Henry Scheffe, John Wiley and 
Sons, Inc., New York, 1959, 477 pages, 814.00 


REGRESSION ANALYSIS, by E. J. Williams, John Wiley and Sons, 
Inc., New York, 1959, 214 pages, 87 50 


METHODS OF CORRELATION AND REGRESSION ANALYSIS, Linear and 
(‘urvilinear. (Third Edition). Mordecai Ezekiel and Karl A. Foz, 
John Wiley and Sona, Inc., New York, November 1950, 548 pages, 


‘ 


INDUSTRIAL COMPLEX ANALYSIS AND REGIONAL DEVELOPMENT, by 
Isard, Schooler and Vietoriaz, Technology Press of MIT and John 
Wiley and Sons, Inc., New York, 1960, 204 pages, $876. 

COMPETITIVE INTELLIGENCE—I/nformation, Exsmonage and 
sion-Making, by students at the Graduate Schooi of Busness Ad- 
miniatration, Harvard University, Burton H. Alden, Byron © 
Campbell, Thomas W. Courtney, Anttkumar M. Chandana, Al- 
hert A. Ewald, John A. Griner and James B. Moffat, published by 
(". 1. Associates, Watertown, Massachusetts, 1959, 78 pages, $10.00. 


INDUSTRIAL onGANIZzATION, by Joe S. Bain, John Wiley and Sona, 
Ine Ne York, 443 pages, $9 25. 


THE MOTIVATION TO worK, by Herzberg, Mausner and Snyder- 
man, John Wiley and Sons, Inc... New York, 1959, 1457 pages, $4.50 


PROPERTIES oF MATTER, by F.C. Champion and N. Davy, Philo- 
sophical Library, Inc., New York, 1959, 334 pages, $10.00. 


MODERN ELECTRONIC COMPONENTS, by G. W. A. Dummer, Philo- 
sophical Library, Inc.. New York, 1959, 472 pages, $15.00 


BANNERS FOR SENIOR AND 
STUDENT CHAPTERS 
Cost $75.00 


4 x 8 ft., blue and gold felt, with a blue, gold and 
white embroidered AILE insignia in the center 


Available from: AIITE Headquarters 
145 North High Street 
Columbus 15, Ohio 


(Allow about six weeks for manufacture 
and delivery) 


MANAGEMENT ENGINEER 


for employment in Vice President Research and Planning 
Department of large railroad, East Coast US., to develop 
and install cost reduction programs. Industrial engineering 
graduate preferred. Minimum of six years business experience 
including three vears in the areas of cost analvsis, budgetary 
control, work measurement, methods improvement and with 
a successful record of selling recommendations to manage- 
ment. Competitive starting rate and unusual opportunities 
for promotion. Liberal pension, insurance and medical bene- 
fits. Can arrange for graduate courses in Operations Research 
and Systems Engineering. Send complete resume in confi- 
dence to Box N. 


JOURNAL OF INDUSTRIAL ENGINEERING 


A. French Bidg., 225 North Ave., N.W. 
Atlanta 13, Georgia 
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CALENDAR 


April 21-28: American Society of Tool Engineers 1960 Too! 
Show and Annual Convention, Artillery Armory, 15000 W.8 Mile 
Road, Detroit, Michigan. (Technical Sessions—Sheraton-Cadillac 
Hotel, Detroit, Michigan.) Write: Harry E. Conrad, Executive 
Secretary ASTE, 10700 Puritan Avenue, Detroit 38, Michigan 

June 6-10: Machinability Seminar emphasizing the new difh- 
eult-to-machine materials will be held on the campus of Th: 
University from June 6-10, 1960. For addi- 
Machinability Semimar, Conference 
University, University Park, 


Pennevivania State 
tional mformation, write 
Center, The Pennsevivania Stats 
Pennsevivania 

June 6-16: Short Course on Operations Research Methods will 
be held at Purdue Universitv. The course has been designed specif- 
eally for statisticians, quality control analvsts, engineers, and other 
technical personnel in industrial and mgfiagems nt positions. Write: 
Short Cours on Operations Research Me thocd- Comptroller's 
Office—University 
Room 110, Purdue Universitv, Lafavette, Indiana 

June 6-17: Intensive Course in Operations Research and Sv-- 
tems Engineering for busines, industnal and government person- 
nel. This course will be held at the Homewood Campus of the 
Johns Hopkins University in Baltimore. For further mformation, 
write: Dean School of Engineering The Johns Hopkins 
versity, Baltumore 18, Marviand 

June 12-25: Seventh Annual Traming Course in Materials Han- 
diing and Packaging. Lake Placid Club, Lake Placid, New York 
Write: James R. Bright. Director, The Industrial Management 
Center, 56-J Robbins Road, Lexington, Massachusett- 

June 13-22: A nine-day course entitled “Industrial Statistics and 
Quahtv Control for the Chemical and Processing Industnes” will 
he held at Rochester Institute of Technology, Rochester, New York 
Write: Harold M. Kentner. Assistant Director of Extended Serv- 
wes, Rochester Institute of Technology. Rochester 8, New York 

June 14-17: Industrial Engineering Seminars, Cornel! University, 
Ithaca, New York, for managers and profesional staff. Participants 
enroll im one of the following Zroups and also attend general PR 
sions: A. Industrial Management, B. Engineering Administration. 
(. Operations Management of the Smaller Company, D. Work 
Measurement, E. Svstems Simulation Using Digital Computers, 
F. Statistical Decision-Making: Theory and Applications, G. Sta- 
tistical Reliability Theory and Applications. Leaders 
will be from industry and the staff of Cornel] University. For addi- 
tional information write: J. W. Gavett, Semimars Coordinator, De- 
partment of Industrial and Engineering Administration, Upson 
Hall, Cornell University, Ithaca, New York 

June 19-22: The Seventh National Conference on Campus Safety 
sponsored by the National Safety Council will be held at Cornell 
University. Campus safety officials from throughout the United 
States will view demonstrations by a large number of exhibitors 
of new equipment and approaches to solving college safety prob- 
lems. Registration and housing information may be obtained from 
Francis J. Quinlan, Assistant Supervisor, Safety Division, 101 Day 
Hall. Cornel] University, Ithaca, New York 
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Extension Administration. Memornal Center, 


June 20-24: “Recent Industrial Engineering Developments,” 
College of Engineering, The University of Michigan, Ann Arbor. 
Michigan. Write: R. E. Carroll, Coordinator, Engineering Sum- 
mer Conferences, College of Engineering, The University of 
Michigan, Ann Arbor, Michigan 

June 23-30: A course entitled “Design of Experiments in the 
Chemical and Processing Industries” will be held at Rochester In- 
stitute of Technology, Rochester, New York. Wrte: Harold M. 
Kentner, Assistant Director of Extended Services, Rochester Insti- 
tute of Technology, Rochester 8, New York 

Sept. 30-Oct. 1: 1960 Western Regional Conference AILTE, Salt 
Lake Citv. Utah. Write: Mr. H. D. MeTague, Chairman, 1960 
Western Regional Conference, P. O. Box 510, Provo, Utah 

November 14-18: ASTE 1960 Western Tool Show and 28th 
Semiannual Meeting, Sports Arena. Los Angeles, California 
(Technical sess10ons— Ambassador Hotel, Los Angeles, California.) 
Write: Harry E. Conrad, Executive Secretary ASTE, 10700 Puri- 
tan Avenue, Detroit 38, Michigan 


PERSONALITIES 


CHARLES A. BOGENRIEF 

The president of Robertshaw-Fulton Controls Company of Rich- 
mond, Virginia, announced in December that Charles A. Bogennef 
had been elected Vice President, 
Manufacturing. Mr. Bogenrief has 
been Director, Facilities and Tool- 
ing. He ix a registered professional 
engineer m mechanical engineer- 
ing. past president of the Los An- 
geles chapter of the Socety for 
the Advancement of Management, 
and prast national director of the 
Method--Time-Measure ment 
elation for Standards and Re- 
search. Mr. Bogennef is past pre=i- 
dent of the Los Angeles chapter 
of the American Institute of In- 
dustrial Engineers. He has written 
several articles for trade maga- 


zines, and has presented papers before technical and profesional 


groups. 


BEN Ss. GRAHAM 


Ben 8. Graham, late director of the <vstems and procedures divi- 
“on of The Standard Register Company, Dayton, Ohio. died on 
January 7. 1960, at the age of 59. 

Ben Graham had been long ack- 
nowledged as a pioneer and an in- 
ternational authority on the sub- 
ject of paperwork simplification, 
svetems analysis and other related 
management techniques. A native 
of New York Citv, he joined 
Standard Register in 1942 as a 
systems analyst. In 1944 he was 
transferred to the head office in 
Davton where he served in various 
capacities—as director of the form- 
eraft division and director of meth- 
ods research. He was appointed di- 
rector of the systems and proce- 


dures division in 1957. 

For more than 20 vears Ben Graham pioneered in the field with 
which he became identified—the outgrowth of work simplification 
known as paperwork simplification. During that time he formed 
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close friendships with Allen Mogensen and Dr. Lillian Gilbreth, 
the two foremost proponents of work simplification. 

Throughout his career Mr. Graham did a great deal to stimu- 
late interest in his field through his discussions and presentations 
before business groups in the United States and Canada and through 
his lectures and special industrial training programs at such im- 
stitutions as MILT... UCLA, New York University, Northwestern 
University, the University of lowa, the University of Wisconsin 
and many others. He was a staff member of the Mogensen Work 
Simplification Conference in Lake Placid, New York, and of the 
University Work Simplification Round Table, Wharton School, 
University of Pennsvivania 

Mr. Graham was the author of countless articles on work sim- 
plifteation and a prominent ~peaker before local and national chap- 
ters of NOMA, NAA and similar profesional groups. He was a 
member and served in « national capacity for the Society for the 
Advancement of Management and the American Institute of In- 
dustrial Engineers. He was also a member of the American Man- 
agement Association, the Industrial Management Society, NOMA, 


NAA and the Society for Quality Control 


PAUL LANGE 
On March 7 Mr. 


of the Engineers Joint Council; assumed office as Executive Seere- 
tarv of the Amerman Institute of 
succecding 


Paul Lange, 1954 Executive Secretary 


Industrial Engineers, 
Flovd Titler who retired on April 1. 

Mr. Lange i* a man who is un 
versally known and respected in all 
branches of the engineering pro- 
fessron—in this country and 
nations abroad: the muitils EPL 
stand for top integrity and ethies 
ax much as thev -<mivy a proven 
record of effective socrety acdmin- 
istration. This is a matter of very 
real significance to all mem- 
hers. Jowrnal readers. and thy 


neering fraternitv as a whole. 


Pauls principal hobby is stream 
fishing. He likes nothing better than to cast a lure in an imviting 
trout pool In his prot sssonal capacity he continues to work at his 


tence provide the stimulus to motivate more and more members 


except that on the lattes cus bibs enthusiasm and COT) 


of our pool of engineering tmhahpower info active and 
fruitful pation ty activities When acer pring the 
post of Executive Secretary of RIC im 1954 the Couneil consisted 
of eight engineering societies with a membership of approximately 
170.000. Upon relinquishing his post on March 7, 1960, the Council 
had mere asec thirteen national socreties and ight affilhated or 
local groupes with a membership upward of 300,000 all of this in 
“1X years 

AIILE is extremely fortunate in having as its Executive Secretary 
whose skills in the fields of 


planning, organization, abd administration are of the highest order 


au dvnamic leader such as Paul Lange 


Paul Lange was born in Seattle, Washington, and received his 
Bachelor of Serence degree in Mining Engimeering from the Uni- 
versity of Washington With the exeeptiion of a brief mterlude in 
the Armed Services. he was actively engaged in miming and engi- 
neering activities from 1940 to 1954. His as-ignments took him to 
Alaska. Montana, and several locations in Saudi Arabia and South 
America In addition to the tee hnical enginecring aspects of these 
assignments, he also worked in the areas of operational designs and 
lavouts. For a period of two vears, he served in the United States 
Army Counter Intelligence Corps with headquarters at Bamberg, 
Germany. He was released to mactive duty as a First Lieutenant, 
United States Army Reserve 

In the course of his work as Executive Secretary of EJC, Paul 
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instituted many innovations in the administration of the Council's 
activities. He is a great believer in stimulating new memberships 
to a society at the personal man-to-man level and, more important, 
keeping these memberships active. 

As a help towards the motivation of active membership, he is 
fully aware of the Institute's responsibility to bring the conferences 
to the members—not the members to the conferences. Many of 
our major industries in this country are concentrated in reasonably 
small geographical areas such as aircraft industries on the west 
coast, textiles in the southeastern area, etc. He has found that if 
the agendas of the regional and local society meetings are related 
to the industry or industries which are predominantly present in 
the respective geographical areas, the participation and attendance 
at these meetings will be greatly increased. The fact that a society 
ix, in this manner, taking active interest in the problems of the 
geographical areas acts as a direct stimulant to the generation of 
new and actively participating memberships. He believes that na- 
tonal meetings serve a very useful purpose and are very beneficial 
to AILE in advising the membership of the overall progress it is 
making as a society within the EJC and the entire engineering 
fraternity. He emphasizes, however, that the real work must be 
done at the grass-roots, the regional and local levels 

AILE can be sure that Paul Lange will give unstintingly of his 
enthusiasm and dynamic leadership as our Executive Secretary. 
He looks upon Industrial Engineers as the younger, up-and-coming 
group of engineers who can render mnvaluable service to this coun- 
try by closing the gap between technical engineering and manage- 
ment. Industrial Engineers, in addition to possessing competent 
technical background, must also be skilled in human engineering 
and economics. Only by so doing will they truly achieve cheir 
rightful place in the management complex 

Paul is a member of the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers; the American Institute of In- 
dustrial Engineers; the American Society of Mechanical Engi- 
neers; and a Fellow in the American Association for the Advance- 
ment of Seence. He is forty-three vears old and, with his wife and 
two children Marjorie 5'% and John 4, lives in Great Neck, Long 
Island, New York. 


PAUL N. LEHOCZKY 

Dr. Paul N. Lehoezky was one of the three members appointed 
by President Eisenhower to a fact-finding board to inquire into 
the steel strike of 1959. The other members are Chairman 
George W. Taylor of the University of Pennsylvania and Dr. 
John A. Perkins, president of the University of Delaware. 

The board reported to the President October 19 what the meues 
in dispute and the position of the parties were, and the govern- 
ment proceeded under the mjunctive provisions of the Taft- 
Hartley Act in a move to re-open the mills. 

Dr. Lehoezky’s arbitration practice has been chiefly in the basic 
steel industry, steel products, glass, chemical, rubber, aircraft and 
metal-working industries. He is permanent arbitrator for a num- 
ber of contracts including Pittsburgh Plate Glass, Westinghouse 
Electric and Manufacturing (on work standards): Firestone Tire 
and Rubber (pane! member); Goodyear Tire and Rubber (south- 
ern textile mills); Seagrave Corporation (panel), and others, and 
in the past has served in similar capacity for Goodyear Aircraft; 
Libby Owens Ford, and others. He is chairman of a three-man 
board empowered to write certain sections of the labor contract 
which could not be resolved after a 142~lay strike between the 
Pittsburgh Plate Glass Company and the United Glass and 
Ceramic Workers 

His interest is primarily in engineering disputes involving job 
evaluation, wage evaluation and incentives, but he has handled 
all other kinds of disputes. 

Dr. Lehocezky has been engaged in the consulting field since 
1930, also primarily in basic industries. He was a panel chairman, 
technical expert and arbitrator with the National War Labor 
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Board and National Wage Stabilization Board from 1943 to 1946, 
Commissioner of Conciliation (technical) for the Federal Media- 
tion and Conciliation Service 1946-47, and adviser to the Ohio 
Industrial Commission 1941-56. He was Ohio representative to 
the National Pressure Vessel Inspectors’ Board, 1940-44; Ohio 
representative of the ASME Boiler Code Committee, 1940-44; 
for five vears member of the Ohio Apprenticeship Council; mem- 
ber of the National Academy of Arbitrators, American Institute 
of Industrial Engineers, Life Member of the American Society 
of Mechanical Engineers, and others. He is past chairman of the 
Industrial Engineering Division of the American Society for En- 
gineering Education and member of the Society's Council, 1946-47. 

A registered Mechanical and Industrial Engineer (Ohio), Dr. 
Lehoczky is a graduate of Case Institute of Technology, 1927, and 
holds master’s and Ph.D. degrees from Ohio State 

In addition to attaining a distinguished career in education, he 
has become one of the nation’s le ading arbitrators of technical 
labor-management disputes and in this capacity has arbitrated 
over 2400 labor-management dispute tissues 

Dr. Lehoezky has been with the Department of Industrial En- 
gineering at The Ohio State University since 1928 and Chairman 
of the Department since 1944 


SAMUEL 8S. STEPHENSON, JR. 


Mr. Samuel S. Stephenson, Jr.. Vice President-Intersociety Re- 
lations has heen elected to the Board of Directors of The Tech- 
nical Societies Council of New York. This organization consists of 
representatives of the major engineering societies in the New York 
area. Mr Stephe nson's election to this important office demon- 
strates the growing recognition of Industrial Engineering and the 
American Institute of Industrial Engineers, as well as Mr. Stephen- 
sons many accomplishments in the engineering profession 


RALPH W. UPDEGRAFF 


Henry A. Tobev, Vice President in Charge of Manufacturing. 
Bearing and Rock Bit Divisions of the Timken Roller He aring (‘om- 
pany, announced the appointment 
of Ralph \W Updegraff to the post 
of General Factory Manager, Bear- 
ing and Rock Bit Divisions of the 
Timken Roller Bearing Company, 
effective December 3, 1959. Upde- 
grafl, who started with the Timken 
Company in 1948 as an Industrial 
Engineer, progressed successively 
Industrial Engineer, 
Chief Industrial Engineer of the 
Canton Bearing Factory, Chief In- 
dustrial Engineer of The Timken 
Roller Bearing Company, and in 
1957 was named General Superin- 
tendent of the Canton and Gam- 


Senor 


brinus Bearing Factories, the position he held until his recent ap- 
poitment. A registered Professional Engineer, Updegraff graduated 
from Ohio Weslevan Lnive rsitvV He attended Columbia Univer- 
sity and, under the sponsorship of the Timken Company, the In- 
stitute for Management at Northwestern University. He is an 
active member of AITE and has served as Treasurer since 1957 


FINANCIAL STATEMENT OF THE DWIGHT D. GARDNER 
SCHOLARSHIP FUND 

As required by the Constitution of the Dwight D. Gardner 
Scholarship Fund, an audit was made for the thirteen-month pe- 
riod of December 1, 1958, through December 31, 1959, by W. FE 
Truitt, Assistant Treasurer and Comptroller, Commercial Motor 
Freight, Inc. and is published as follows: 
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Balance as of December 1, 1958 $3,168 67 


Deposits $1,251.49 

Interest Earned 18329 1,434.78 
Total $4,603 45 

Disbursements 250 00 
Balance as of December 31, 1959 $4353.45 


The cash balance of $4353.45 is the amount held in the Central 
Savings and Loan Company, 46 East Gay Street, Columbus, Ohio 


INDUSTRIAL ENGINEERING APPLIED TO WATERFRONT 
WORK METHODS 


Modernized longshore work methods will be tested this month 
by scientists and Industrial Engineers of the Maritime Cargo 
Transportation Conference, a part of the National Academy of 
Sciences-National Research Council. The tests, to be .undertaken 
with the cooperation of the Navy at its Oakland Supply Center, 
are an attempt to find what cam be done to improve production 
and reduce waterfront cargo handling costs 

The Oakland experiments are part of a project begun in the San 
Francisco Bay Area two years ago by MCTC. The project is a 
scientific study of the turnaround time of general cargo ships 
Both labor and management are interested in the project 

According to Dr. P. B. Buck, director of the local office of 
MCTC, “The experiments to be done at the Navy Supply Center 
represent a partial fulfillment of our research objectives in the 
Bay Area. In our two vears here we have studied the work methods 
prevalent on the commercial waterfront in great detail. On the 
basis of these studies, we have designed a number of new systems 
which we believe are capable of doubling present-day cargo 
handling production What we plan to do at Oakland is to test 
these systems on-the-job to find whether they will yield the pro- 
duction and cost reduction returns which are theoretically 
possible 

The new work methods incorporate some of the latest types of 
powered handling equipment. They include an almost complete 
reorganization of present work patterns and job assignment of 
longshore occupations according to principles of Industrial Engi- 
neering. Besides reducing cargo handling costs, increasing produc- 
tion and reducing the arduousness of the work, economic gains 
through reduced ship time in port are expected 

“The research work,’ Dr. Buck continued, “is designed to help 
solve some of the handling and cost problems of the commercial 
shipping industry. The Navy Center was chosen as the initial test 
site because of its wide range of cargo operations. It gives us a 
chance to test our new systems under smentific controls.” The 
Navy will consider adopting as standard those systems that 
actually show major improvement in speed and cost of Navy 
cargo handling operations 

The researchers also plan to measure energy expenditure levels 
of the workmen to be certain that any production gains noted 
stem from the new systems rather than from increased physical 
exertions of a labor force. Physiologists from the Engineering 
Department of UCLA will undertake this portion of the research 


BOSTON CHAPTER 

The first meeting of the 1959-1960 program vear was held on 
October 19. Mr. Norman Jennings, Management Engineer in the 
Operations Standards Division of the Port of New York Authority, 
addressed the group on “Industrial Applications of Waiting Line 
Theory.” Visual aids were used extensively to illustrate practical 
applications of waiting line theory in the Port Authority. The 
subject was well presented and stimulated the interest of those in 
attendance. 

We were honored to have as guest speaker at our November 
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meeting, Mr. Frank Johnson, National President, American Insti- 
tute of Industrial engineers Prior to the evening dinner, Mr 
Johnson visited the Lighting Division of Sylvania Electric Prod- 
ucts Inc.. and CBS Electronics both located in Danvers, Mass 
He Wits accompanied on the tours by Mr (,ecorge Martin, Chap- 
ter President and Mr. Bill Vallette, Director of Industrial Engi- 
neering at CBS Electronics and Vice President of Region I. Fol- 
lowing the plant visitations he was taken on a sightseeing tour of 
historic sites located in Marblehead, Danvers, Swampscott and 
Salem 

A large group was in attendance at the evening meeting to 
hear Mr. Johnson ik on “Producibility Analysis—A Challenge 
to Industrial Engineers.” Actual examples pertaining to problems 
at Liwkheed Aurcraft were pres nted and the outstanding results 
demonstrated the effectiveness of a well integrated Industrial 
Engineering activity analvzing the effects of engimeering design 
on costs prior to actual produs thon runs 

At the Chapter Presidents’ meeting in Philadelphia on Nov. 7, 
Mr. George Martin submitted a bid for Boston Chapter to host 
for the Region I Conference and Convention for 1960; the bid 
was accepted. The functioning committees for establishing the 
conference program have been appointed and the conference dates 
have. been set for November 3 and 4, with a Chapter Officers’ 
meeting scheduled for November 5. The program will be held at 


the Sheraton Plaza l, Square, Boston Nass 


DALLAS-FORT WORTH CHAPTER 


dustrial Engines was prepared by the Student Affairs Commit- 
tee: John F Hamp, 
Industral Teras [natruments, ¢ man: Gerald H 
Lumedin, Manager, Stall Industral Engineering, Teras Inatru- 
ments; an Frant Axwrstant olessor of Industral 
Engines San hern Methodet j kal 


Indu f val ‘ ring 


REGIONAL STUDENT CONFERENCE 


The future of our profession may well he im the hands of our 


undergraduate students. As cur industrial culture becomes mor 
complex, its very survival is dependent upon the development of 
new management philosophies like those pioneered by present 
Industrial kngincers It ws toward this goal that our protes- 
sional activities must be directed. The colleges and universities 
are turning out good Industrial Engineers. The faculties of these 
colleges and universities, through personal contacts, in both elass- 
room and student chapter activities, are charged with the respon- 
<ibility of graduating a well educated, professional Industral En- 
gineer. However competent the faculties may be, they eannot do 
it alone. The faculties can teach the tools and techniques. Thes 
can also point the wav toward prote ssponalism. But 

Hard work by faculty and student is not enough. New philos- 
ophies must be ade veloped to cope with the growing mtricacies 
of modern industry. What contribution is the professional In- 
dustrial kngine er calle d on tom ike to this end ‘ 

Long recognized is a valuable means of promoting the pro- 
fessional deve lopment are mectings, conte renees, and paper pres- 
entations among professional people. Most other professional en- 
gineering groups have student groups affiliated and sponsored 
They dont stop there Individual student chapters and individual 
senior ch ipters meet toge ther, students are invited to conferences 
of senior chapters, and senior chapters sponsor paper pres¢ nia- 
tions contests for stuck nis, mans with substantial prize money In 
addition most enginecring grouye have a program of re gional and 
national meetings and competitions for students 

It is now time that the AIIE also provided such meetings and 
paper competitions 

The Dallas-F ort Worth Chapter of AILE is sponsoring a Re- 
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gional Student Conference for the six student chapters of Region 
IX on May 6-7, 1960. In so far as can be determined, this will be 
the first regional meeting of student chapters, AIIE. This first 
one promises to be an outstanding success; and for a very good 
reason—the pressure for the conference is from the students of 
the Southern Methodist University Student Chapter. They con- 
ceived the idea and asked the Dallas-Fort Worth Chapter to back 
them up. The Dallas-Fort Worth Chapter reports that their mem- 
bership enthusiastically and unanimously voted to sponsor the 
Conference and provided a substantial budget. Professor Charles 
Brennan, our National Director of Student Chapters, has given 
his support. Through the efforts of Professor Brennan, the Na- 
tional Executive Committee has appropriated additional prize 
money 
The objectives of the Regional Student Conference are: 


1. To advance the Industrial Engineering profession by stimu- 
lating additional research and creative thinking. 
To provide an interchange of information and ideas among 


student chapters. 
3. To furnish an opportunity for addresses by outstanding 
leaders in the Industrial Engineering profession. 
To present an opportunity for national recognition of stu- 
dents and student chapters 
5. To give an incentive for the preparation and an opportunity 


for presentation of student papers of high quality. 
6. To furnish an opportunity for faculty advisors to meet. 
To provide a guide and an incentive for future Regional and 
National Student Conferences. 


The Student Affairs Committee of the Dallas-Fort Worth Chap- 
ter has drafted a manual of policy and procedure for the student 
conference. This manual provides guidance and places primary 
responsibility for the student conference on the host student chap- 
ter. Further, it establishes standards for the paper contest and 
provides a transportation allowance for visting student chapters 

This is a new step in the professional development of the stu- 
dent Industrial Engineer. It will set precedents. A national pro- 
gram may result from this regional student conference 

Eventually, there can be a national competition of regional 
winners. The precedent for this ts also beimg set. The regional 
student conference grand prize winner will present his paper af 
the 1960 National Conference and receive his award at the ban- 
quet. Subsequently, individuals or industries can be encouraged 
to come forward with endowed annual awards 


Quoting slightly out of context, but. to the point nonetheless, ~ 


ir. Gerald Nadler said, By exchanging information with 
others, new concepts and a more useful knowledge bank can be 
established. The personal contacts are essential to the professional 
development of the Industrial Engineer (1).” Although he was 
writing to and about practising Industrial Engineers, the pom 
made is equally applicable to the future Industrial Engineers who 
will some day provide continued professional maturity. Regional 
conferences of student chapters of AITE can materially contribute 
to this professional development 

What action should you, the members of AILE, be taking to 
insure continuing professional growth in our Institute? This 
the challenge. 


REFERENCE 


(1) Napver, “Professionalism and AIITE—and You,” The 
Journal of Industrial Engineering, July-August 1957, Vol 
VIII, No. 4, Page 242. 


HOUSTON CHAPTER 


The Fifth Annual Industrial Engineering Conference on “Work 
Simplification” was held on November 6, 1959, at the Shamrock 
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Hotel in Houston. The conference was conducted by Allan H 
Mogen-sen, founder and director of the world famous work simplhi- 
fiction conference and assisted by Dr. Lillian M. Gilbreth inter- 
nationally famous engineering and management con¥®ultant. This 
clinic is held annually and is presented jointly by ‘the Houston 
Chapter of the AILE and the Industrial Engineering of the Uni- 
versity of Houston. The Clinic was a great success and well re- 
ceived by everyone attending An excellent job was done by con- 
ference co-chairman Herbert R. Belcher of Ernst and Ernst and 
Bruce C. Stoughton of the University of Houston 

The Houston Chapter is well along on its 1959-60 program with 
an excellent variety of subjects chosen by the Program Com- 
mittee under the able direction of Mr. E. C. Hailey. The pro- 
grams during November consisted of a plant tour of facilities of 
Champion Paper and Fiber Company, Pasadena, Texas, one of 
the largest paper manufacturing plants in the country 

“Three Chapter members were given distinguished = service 
awards in appreciation of their outstanding accomplishments, in- 
spiration and devoted efforts to further the profession of Indus- 
trial Engineering. The three members, all well known Industrial 
Engineers in the Gulf Coast area were: Sam Scharff of Ernst and 
Ernst, Tom Elrod. Chairman Department of Industrial Engineer- 
ing, University of Houston (former Regional Vice President 
AIIE). and Fred Macy, Chief Industrial Engineer, Shell Oil 
Company, Pasadena, Texas. These men have been instrumental 
in the organization of the Houston Chapter as well as having a 
hand in its excellent growth. 

The Houston Chapter has contributed 107 per cent of its goal 
to the United Engineering Building Fund, Chairman R. E. Do- 
herty has done an excellent job im obtaimuing this quota 


LOUISVILLE CHAPTER 

At our November meeting Mr. Donald G. Malcolm, who ts 
with System Development Corp. in Santa Monica, California, 
was guest speaker. Mr. Malcolm is the National Chairman of 
Lone Range Planning for AIIE, and a past National President 
of our organization. His very imteresting subject for discusion 
was “Work Sampling as a Management Control.” 

Mr. J. F. Jericho, National First Vice President of AIITE and 
Superintendent of Methods and Standards for United Air Lines 
in Chicago, was featured speaker at our December meeting. The 
subject of his talk was “New Concepts—Industrial Engineering.” 


MILWAUKEE CHAPTER 

The Milwaukee Chapter of AITE was host at the Midwest 
Region's Productivity Conference held on Friday, November 13. 
at Marquette University. Fifty Industrial Engineers enrolled for 
this one-~lay meeting 

Prof. Gayle McElrath, Chairman of the IE Department at the 
University of Minnesota, opened the Conference with a talk on 
“More Effective Decision Making.” Later, Bovd Payne, Director 
of Career Development at Kimberly-Clark Corp., spoke on “Pre- 
paring the [IE for Managerial Positions.” 

In the afternoon, Harmon SS. Baver, Quality Control Con- 
sultant, discussed “Quality Control Techniques for the IE.” This 
was followed by Dr. Russell L. Moberly, Personnel Consultant, 
who spoke about the “Role of the IE in Effecting Sound Wage 
and Salary Administration.” He pointed out the direct connection 
between a sound wage and salary svstem and productivity. 
Another speaker was Clifford G. Sager, of Sager Film Productions, 
who outlined “Effective Use of Motion Pictures for Training and 
For Selling Ideas,” emphasizing the communication power of 
visual aids. 

The dinner speaker was Dr. Robert N. Lehrer, Chairman and 
Professor of Industrial Engineering, Technological Institute, 
Northwestern University. Lehrer spoke about “New Insights into 
Productivity Concepts.” He emphasized that with the new prob- 


148 The Journal of Industrial Engineering 


lem approaches developed in recent years, Industrial Enginpering 


is now entering an era where its true function—that of —_. 
can be 


top management in problems of system-wide nature 
realized. Industrial Engineers must meet this challenge by pre- 
venting practices from becoming static, and by continuing to be- 
come more adept in the use of newer, more powerful methods 
In conjunction with the Production Conference, Midwest Re- 
gion Vice President Arthur Aronson held a Chapter Presidents’ 
Meeting Chapters were represented by Jay Goldman, St Louis; 
Tom Woolard, Chicago; Joe Llovd, Twin City; Clarence Allen, 
Milwaukee: Lewis Rose, Calumet: L. J. Fletcher, Central Ih- 
nois; Evan De Jong, Evansville; and Henry Messer, Kansas City 


MISSISSIPPI VALLEY CHAPTER 

Over 200 participants attended the sixth Annual Winter Con- 
ference presented by the Mississippi Valley Chapter of AIITE on 
December 5, 1959. The Conference, “Selling Ideas” attracted peo- 
ple within a 150 mile radius of the quad-city area of Illinois and 
lowa. Also present to view the proceedings was Mr. Arthur 
Aronson, Vice President of Region V4II, AIIE 

The conference theme “Selling Ideas” was divided into three 
sessions. The first, “Developing New and Improved Products.” 
was presented by Mr. James W. Bannon, partner in the consult- 
ing firm of Booz, Allen, and Hamilton, Chicago, Illinois. The sec- 
ond, “Create a Market.” was discussed by Mr. Travis Elliott of 
the National | ‘aurant Association, Texarkana, Texas. Mr. El- 
hott’s talk exan ned the aspects of proper atmosphere in inter- 
company relations and integrity in dealings between people. An 
interesting and searching thought was presented wherem Mr 
Elhott condemned the philosophy “make him think it’s his 
idea, it har a fb. ter chance of being accepted.” Ideas are sold 
on merit and tot on who was fortunste enough to generate if, is 
Mr. Elliott = feeling 

The third, “Get Off Your Launching Pad.” was a humorous 
approach to human relations presented by Dr. Carl C. Byers, who 
is a consultant for the General Motors Corporation. “A Happy 
Heart is as Essential to Success as is a Serious Mind” is Dr. Byer's 
key to providing the incentive necessary for complete participation 
by all company levels 

This conference, the sixth in a series which began back in 1955. 
followed the trend of thought-provoking seminars ‘which was 
opened with Creative Thinking in 1957 and continued with Cost 
Reduction—My Job in 1958. The all-day meetings are conducted 
in the Masonic Temple, Davenport, lowa and for the past sev- 
eral years have attracted executive and engineering people from 
business, industry and government located in that highly indus- 
trialized area. Plans are already being formulated for next vear's 
meeting which has always been the highlight of the Chapter’s 
vearly activities. 


METROPOLITAN NEW JERSEY CHAPTER 

At our November meeting, Dr. William Gomberg. Chief In- 
dustrial Engineer for the International Ladies Garment Workers 
Union and author of many books and papers on application of 
Industrial Engineering, was our speaker. Dr. Gomberg discussed 
“Work Rules Issues in Current Contract Negotiations.” Prior to 
Dr. Gomberg’s speech, we saw a film entitled “A Product of the 
Imagination.” This was the story of aluminum from the dawn of 
time through its uses in the world of tomorrow. 

In December our chapter held a banquet. Frank J. Johnson. 
National President of AILE, was guest of honor and speaker for 
the evening. Mr. Johnson spoke to us on “Producibility Analysis 
A Challenge to IE.” 


METROPOLITAN NEW YORK CHAPTER 

The Metropolitan New York Chapter recently announced that 
it has exceeded its quota for the United Engineering Center 
Building Fund. 


— 
— 


As an outcome of the successful fund raising drive, the Chap- 
ter has pledged a total of $6100 to the U.E_C. This figure is 102% 
of its original quota 

Congratulations to Mr. Robert Gring, Chairman of the Drive, 
and to the seventy-five contributing members 


ST. LOUIS CHAPTEK 

The St. Louis Chapter started off the 1959-60 season with some 
new ideas and an excellent program. With the membership figure 
hevond the 200 mark, and with fine attendance at the first four 
meetings, thi should be a banner vear 

The August meeting was held at the famous Barth Estate in St 
Louis County. The festivities included swimming, ping-pong, “bull 
sessions and a picnic supper on the huge porch 

The September meeting was the first of our dinner-speaker 
meetings. The Chapter was fortunate in having Dean Don Fischer 
of the Washington University School of Engineering speak on the 
“Crisis in Engineering.” Dean Fischer spoke of the downturn in 
engineering enrollment im 1958, and of some of the eritical imeues 
facing the engineering profession and schools at this time 

Dr. Gerald Nadler, Head of the Department of Industrial En- 
gineering at Washington University, was the principal speaker at 
the October meeting. Dr. Nadler had just returned from a 9- 
month teaching and research trip to Europe. He broke his talk 


down into a few main topics, and discussed each topic from the 
viewpoint of how it could be handled in the US.A. and in Eng- 
land. Dr. Nadler had some interesting comments to make on the 
European Industrial Engineering student as compared with his 
American counterpart. 

The November meeting featured Dr. Hyman Meltzer, Director 
of Human Relations with the Orchard Paper Co. in St. Louis. His 
topic was “Personality and Human Management in Industry.” 
Dr. Meltzer spoke of the “characters” in industry, and why every- 
one to some extent falls into that classfication. 

A new feature of our 1959-60 season has been the mauguration 
of seminars preceding the dinner meeting. These hour-long semi- 
nars deal with some practical problem im the field of Industrial 
Engineering. The topic for the October seminar was “Practical 
Problems Concerning Leveling.” In November the topic was 
“What Can We Do with Non-Repetitive Items?” 


YOUNGSTOWN CHAPTER 

Our November meeting was a plant visitation to the Westing- 
house Electric Transformer Division. This plant builds the largest 
power transformers in the world. The plant tour included the 
large power assembly and tank aisles, the mass production lines 
of distribution and instrument transformers. It was most interest- 
ing and informative to all members who attended. 


Bringing you 
needed design facts and 
technical data on today’s 
engineering materials 


In this handbook you will find almost 2,000 
pages of answers to both routine and 
unusual problems that crop up whenever 
engineering materials are being selected. 
Technical tables, design information, 
structural characteristics, and tabular 
data—a wealth of useful and specific facts 
~are made quickly available. 


ENGINEERING MATERIALS HANDBOOK 


Edited by CHARLES L. MANTELL, Consulting Engineer 
Newark College of Engineering. 1906 pp., 648 illus., $21.50 


Each of the 43 sections was prepared by one or more spe- 
cialists. A staff of 150 of these experts cover metals, organic 
materials, and inorganic materials. Emphasis is placed on 
the fabricated forms of materials, their physical and me- 
chanical properties, their adaptations, limita- 
tions, competition with each other, protection against de- 
terioration, and increase in their stability to withstand use 
and abuse. 

In line with today’s needs, the Handbook covers such 
items as the uncommon metals which are rapidly reaching 
commercial importance and production, and the materials 
of construction of apparatus for control and utilization of 


HANDBOOK 
Industrial 


Engineering 


Management 


Edited by W. GC. lreson and E. L. Grant 

A complete reference book for the industrial engi- 
neer, manager, businessman and student on the fields 
of activity commonly considered to be part of indus- 
trial engineering. There are 17 sections in all. Each 
section 1s complete in itself and is written by an out- 
standing authority in the field. 


Cross-referenced and fully illustrated, there are sec- 
tions on: structure of business organization, mana- 
gerial economics, engineering economy, manpower 
management, motion and time study, factory sys- 
tems and procedures, industrial climatology, tool 
engineering, industrial safety, inspection and quality 
control, and many others. 


atomic forces and fission products. 1208 pages 6” x 9", double col. $16.00 
Order from Order from: 
Jov..nal of Industrial Engineering Journal of Industrial 
A. French Bidg., 225 North Ave., N.W. 225 North Ave., N. W. 
Atlanta 13, Georgia Atlanta 13, Georgia 
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© t ee mities stitutions as well as business and industry are urged to take ad- 
F vantage of this free service. 


Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant Engineering, Opera- 
tions Research, Industrial Relations, Sales, and Management. 
For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industrial Engineering 
| background will be of value. 
| " To list your job openings with the Opportunities Service, send 

i all or part of the following information with the name of your 
| contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary range. 


WHAT IT IS This information will be publicized to the members in con- 
The I.E. Opportunities service is a functional committee ac- densed form in the Journat and in monthly chapter Bulletins. 
tivity of the AIIE. Information concerning employment oppor- Company names are not shown. 


tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of MEMBERS SEEKING JOB OPPORTUNITIES 


members from the Columbus, Ohio chapter. 
The following list shows job openings available just prior to 


press time. If you would like more information about one or more 


SERVICES PROVIDED 4 
. of the positions listed, mail the “P” numbers with your name and 
Current job openings are published in condensed form in each address to the Opportunities Service at the address below. The 
issue. e a ; Service will advise you by return mail of the name and address 
In addition, a monthly I. E. Opportunities Bulletin is supplied of the person to contact for further information, or advise you if 
to over one hundred chapters located throughout the United the position is no longer available. Your name wil! not be for- 
States. wr warded to the company with the job opening. 
Each job opening is assigned a “P” number for jdéntification. For more current listings, contact your local Chapter Secre- 
he name and address of the person to contact for additional tary or Opportunities Chairman for the latest monthly Bulletin. 
information concerning a specific job opening is sent to members 
on request. ADDRESS OF THE SERVICE 
PLO I. E. Opportunities Service 
EM YERS American Institute of Industrial Engineers 
Employers having openings for qualified Industrial Engineers 145 North High Street 
are invited to list them. Government agencies and educational! in- Columbus 15, Ohio 
INDUSTRIAL ENGINEERING OPPORTUNITIES 
Position Job classification number Salary range 
number Industry, location Travel? (See key) $1,000 Years of Age a 
exp. range 
41 | Consulti Ohio x | 10, 21, 31 | 
167 Weapons Systems Wash. D.C. | Ph.D. 
213 Air Force Calif. | 15, 32, 42, 43, 44, 53 | Pie 24- 21- Repair & Modification 
273 Air Force ‘tah 11, 13, 18, 42, 43, 44, 53 6.3- 7.5 2 LE. Degree 
279 ||:« Air Line Colo., Calif. 11, 13, 18, 41-43 50-52, 70 50-85 | 1-46 | 
308 Automotive Pa. 19, 31, 36, 38, 45 71 | 6.7-9.7 | 3-7 | 
334 Automotive Pa. 10, 22, 23, 32. 33, ‘42. 45,71 | 9.7 | 3-7 
340 Automotive Pa. 11, 13, 22, 23, 5.5- 7.9 | 0-3 
376 Education } | | | 35- 
419 | Food Processing 111 | | 14, 15, 16, 22, 36, 38, 91 7.2-9.0 | 5&8 | 30-38 | LE. or M.E. Degree 
423 Air Force Oho Broad | LE. De giee 
424 Air Force Ohio | | Broad | @aeve | LE. Degree 
447 Synthetic Fibers W.Va. | | 10, 20, 30, 91 Open | &s | LE. Degree 
449 Electronics Mass. | 30, 50, 70 en. | 
461 Paper Ohio Lad. 10, 20 9.0-13.0 | 3-5 45 | Tech. Deg. Req 
464 Consulting NJ. | 10, 20, 32-34, 42, 43, 54, 71-73, 92 8.0-12.0 5- 30-36 LE. Degree 
465 (Consulting Mase. x | 10, 20, 3, 40, 6, 71, 92 11.0-15.0 5 35-45 LE. Degree or Equiv. 
47 | Mining & Smelt . N_M. | | 11, 13, 26, 36, 42, 45 5.0-7.0 -45 | LE. Degree Preferred 
471 Plastic Prod. Va. 10 10.0-12.0 5- 30-45 MTM Experience 
472 Plastic Prod. Va. | 1! 8.0- 8.5 -2 | -30 Uy Experience (Wood work. 
ing 
73 blectronics lowa 19, 30, 40, 50 7.2- 0-10 | B.S. or M.S. Degree 
ma ~~) Ti. 14, 15, 16, 22. 36, 38, 91 5.8 9.0 0-8 25-35 L.E. or M.E. Degree 
476 Metal working Ohio ) 13, 15, 36, 37 7.0- | $s 25-20 | 
477 Metal working Ohio \ 2-5 25-30 ; 
479 Brass Products Conn. | 10, 20, 36 | 1-5 Math. Experience 
487 Electronics Tex. | 11, 16, 30, 32, 36 6.0-8.5 | 1-8 24-35 .E. Degree 
489 Refining Tex. 10.0-12.0 | 10-15 Exp. in Crude Oil Act. 
491 Aurline lil., Colo., Calif. 15°; 11, 13, 18, 51, 70 5. 0 8.0 | 1-5 40 I. BE. Degree Pref. 
494 | Electronics Utah 10. 18. 34, 36, 40-46, 91 4.59.0 | 5-10 30-40 LE. Degree 
495 | Education Fia. ) Asst. Professor Open 5- 30- | M.S. or Ph.D. Pref. 
49 Electronic Equip. N.Y. ) 10, 36 Open 3 | LE. Degree or Equiv. 
503 Flectronecs DC. 30 9.1-11.7 5- 1.E. Degree 
506 «=|: Railroad Pa. 11, 13, 31, 36, 42, 43 5.7- 7.2 0-2 24-30 | LE. or LM. Pref. 
507 Railroad Pa. 31-38, 51-53 7.2- 9.6 2-5 24-35 1.E. or 1.M. Pref. 
S511 Pharmaceutical, Mich. Genera! O-5 Degree 
| Ar Force Ohio 25°; 12, 17, 18 8.8-10.0 B.S.1L.E. or M.S.1L.E. 
515 Air Force Ohio | 28% | 8.8-10.0 B.S.1.E. or M.S.LE. 
516 Force Ohio | 25% | 32, 37 8.8-10.0 B.8.1.E. or M.S.LE. 
517 | Air Force Ohio 25% 10, 13, 16 &.8-10.0 4;- | B.S.1.E. or M.S.LF. 
518 Air Force Ohio 25% Broad LE. §.8-10.0 4 | B.S.LE. or M.S.LE. 
510 | Automotive Part« Mich. 19 | 6.0- 9.0 3-5 College Degree 
520 «=| Automotive Parts Mich. 30 | 6.0 9.0 3-5 College Degree 
522 Ind. Fastenings 1. | 11, 14, 15, 19, 36, 38, 43,45,71 | 6.0- 7.8 1-3 35 . 
523 D. 10, 13, 17, 37, 50 0- 25- 1.E. Degree 
524 Utilities 10, 13, 17, 37 6.0- 7.0 2-3 28- Degree 
x | 15, 22, 31, 41, 53, 91 | 9.0-12.0 10 | 35-50 LE. Degree Pref. 
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Qualifeations required 
oai tion , | Job classification number Salary range | 
Industry, location | Travel? (See key) $1000 Wess of Age 
| exp. range 
528 | Farm Cooperative N.Y. | | Broad 9.0 57 Deg. Pius B.A. Train. 
530 | Paper Prod. Mo. x | 15, 21, 36, 38, 42, 53, 54, 70 6.0-10.0 2-5 | 24-35 | LE. Degree 
531 Consulting Ohio x 40, 50, 70, 80, 90 Open 5-15 : 25-40 | B.S. Degree 
532 Metal Fasteners Pa. 11, 15, 19, 26 7.9 9.0 610 | @<O | 7 
533 Chemical- Plastics N.J. 31, 35 Opes | 35-50 Prod.—Inav. Control Exp. 
534 Glass N.Y. } 11, 42, 43, 44, 45, 46, 47 7.0- 5- w 40 LE. or M.E. Degree . 
537 :«~Printing-Litho. Wis. | 10, 20, 30, 70 8.0- 3-10 
538 86| Papermaking Pa. 50, 51, 52, 53, 55 9.0-11.0 35 25-35 | 
539 U. 8. Army | | 37, 62, 24 | B.S. Degree 
541 | Communications Mfg. N.Y. 13, 43, 81 | 7.5 9.8 3- 3-40 Doge? or at: 
542 | Electronics N.Y. 19, 42, 43 5.2- 8.5 0-3 B.8. , or M.E. 
543 Air Force (Maint.) Pa. 11, 13, 18, 44, 53, 91 7.8 4 25 40 LE. Degree | 
544 Consulting Ti. 5D 54 7.5-11.0 0-5 21-35 Adv. Degree Pref. 
545 Consulting Pa. x Broad 8.0-12.0 28-45 
546 Consulting It. ; Broad 8.0-12.0 5- 2840 
547 | Home 1 —e- Ohio 11, 13, 16, 21, % 7.2- 9.6 464 25-35 LE. Degree—Mtm. Exp. 
552 Smelt. & Titanium Canada 7.0- 8.5 5-10 
5453 Sugar Refining Maas... Md.. La. 11, 36, 38, 43 6.2- Degree 
554 Auto. Elect. Flectro- 
Mechanical Equipment Midwest , 10, 32, 42 | 15.0-20.0 38 46 E.E.. M.E., of LE. Degree 7 
555 Office Machy. Mich. 11, 30-37 9.6- 3- 30-40 Exp. in System Analysis 
556 Office Machy. Mich. 9 6- 3-5 Exp. Quality Control 
557 Corrugated Boxes Tex 10, 21-23, 26, 42, 40 6.0- 2-3 | 23-34 | LE. my | 
| Pood Processing Minna. 36, 38 2- LE. of Degree 
559 Machine Tool Mfg. W is. Project Engineer oO 3 Open B.38.M.E. or LE. Equiv 
SHO Machine Tool Mfg. W is. Tool Designer Open 35 | Open Degree not Necessary 
561 Navy aC. 11, 15, 17, 18, 52, 71, 7.6 8.2 Degree 
562 | Education Aria. > 52, 4 Open Open | Open MS 
563 Needles Mo 92 9.0-10.0 §-10 | ®- College Graduate 
564 Education 40, 7.0- 40-50 M.8./ Ph.D. of 
565 Structural Clay Prod. Tex. x 11, 35-37, 41-43, 49, 53, 71, 92 9.0-11.0 8-12 | w-42 B.S.1L.E. 
566 Education Mo. 10, 30, 40, Open 
‘47 Lumbering Mfg.-Cut Parte La 10, 30, 32, 33, 40, 48, 94 4.5- 6.5 25-40 
568 Moter Freight Minn. 45, 81 | @0-12.0 5-10 | Degree in LE. Pref 
Transportation *(See Below) 1), 42, 43, 47 8.4- 9.6 7- Degree 
570 Transportation *( See Below) 10, 30, 42, 43, 47 7.0- 8.4 4- 20- LE. Degree 
71 Transportation * See Below, 10, 30, 42, 43, 47 4.0 None | 2- LE. Degree 
572 Memt. Consultant U.S.A. & Lurope x 10, 11, 13-18, 21, 22, 91 or 92 Open 340 | § MTM Experience 
573 Consulting Ohio Ltd 10, 20, 30, 40, 53O Open | + | 23- P.E. of E.1.T 
57 Aircraft Parte—(Mach.) NJ 10. 11, 13-16, 18, 36, 91 9.0-12.0 | 8-12 32-45 | Engineering Degree : 
575 Specialty Papers Vi ase 11, 21, 36, 38, 41, 43, 67, 92 7.0-10.0 6&8 w-40 | LE. Deg. —veon Ind. Exp. 
476 Hospital (Teaching) Calif. 2. 18 7.2- 7.8 | 
577 | Meat Packing Minn. 11, 13, 22, 5 0- 0-2 | LE... M_E., or BST ve 
578 | Education Ohio 50-54 | Open | of 
Appled Math 
579 | Pharmaceutical Til. 6 3-5 1.E. Degree or Equiv. 
580) Solid Propellanta Tex. 11, 12, 19, 32, 34, 41-45, 53 7.0-10.3 2-4 | 28-35 B.S. in LE. of M.E. 
5&1 Paper (ia. 11, 13, 21, 42 (91 of G2 Exp.) 12.0-15.0 3- 35-48 | M.S.1.E. Pref., B.S.1.E. 
Acce ep. 
‘ 2 Paper Ga. 43 | 7.8 8.5 | 30-40 | B.S. in LE. or LM. 
584 | Plastic Molding Mase 11, 13-16, 18, 22, 42 7.2 | | LE. Degree 
Chemical Pa., W.Va Li, 18, 38, 52 7.0- | B.S. Degree 
Garment Mfg NJ. 5§.2- 5.7 | 2 | LE. Degree 
586 (;lase (Containers Ind. 1. 11, 13, 14, 16, 21, 31, 36 6.3- 7.2 | 2-5 22-32 
587 Naval Avionics Ind 11, 3%, 40, 70 6.2- 7.8 | 2-4 L.E. Does 
58s | Printing Ohno 10, 20. 30, 40, 42, 44 (Open 2-7 | -20 | LE. or M.E. Degree 
Bemiconductors Aria 11, 32. 15, 18, 19, 26, 6.0-10.0 2-5 25-35 B.S. Pref. 
5u0) | Semiconductors Aris. 42, 43 6.0-10.0 2-5 25 35 B.S. Pref. 
51 Semiconductors Aru 66 6.0-10.0 2-5 25-35 | B.S. Pref. 
592 Paper Converting Ohio 16-19, 36, 38, 40-49, 53 6.3- 9.0 Open Open 1.E. of M.E. Degree 
Metal Working Moch 11, 13, 20, 49, 42 10.6 Engineering Degree 
504 (Chemical Mig. Tex 1). 30. 32. 34, 43 7.0 9.5 24 | 27-40 | B.S.1L.E. 
595 Plastics 1. 11, 42-46 7.2- 8.4 B.S.M.E. or B.S.LE. 
506 Mining & Refining Aris. 11-13, 18, 26, 28, 35, 36, 38, 48 6.5- 9.0 oe 
507 Needle- Plastics Dela 11, 14, 15, 19, 22, 26, 42, 48, O1 7.09.5 | 4 28 35 B.5.LE. or B.S.M.E. 
SUS Needle- Plastics Dela 31. 33, 35. 36. 43. 71. 73. 91 7.9% 9.5 4 28-35 B.S.LE. of B.S.M_E. 
so Nonferrous Metal Fabr (‘onn I-14, 17, 18, 20-22 5.0- 7.0 Open Open I.E. Degree Preferred 
aon | Rubber i 11. 13. 16, 21, 36 6.0- 7.2 35 | 28-45 
iD | Wood and Plastics Va 21 7.5 8.0 | 2-3 | 23-35 B.S. Degree 
E-ducation- Teaching Much 13-16, 18 7.0 3-5 2-50 MS. or Ph.D. ia LE. 
or M 
6s | Education Mich. in Die Casting or Plastics 7.0 3-8 25-50 | Same as above 
| Mich. Metal Cutting 7.0 3-5 25-5) Same as above 
605 | b.ducation Moch | 30 7.0 3-8 25-30 Same as above 
| Education 7.0 35 25 50 Same as 
| Elect. Controls Nass 2 10. 06-12.0 5-10 40 LE. of M._E. 
fis Flect. Controls Nass. Engineer 6.5- 8.5 | 2-3 25-35 LE. Deg Hectrenie or 
vee. Mech. Aesy. Exp. 
| Research & Deve!. Med. 40, 42 B.S.1.E. 
610 | Research & Devel. Md. w 5- BSI E. 
611 Research & Devel. Mid 3 
612 | Bearings Mich. 10, 22, 42, 91 8. 5-10.0 30-40 | LE. of ‘Bus. Deg. Pref. 
613 Electronics Utah 10-18, 34, 36, 40-46, 81, 91 7.5 9.0 | 510 EE. Dear 
Fleetrome lowa 10, 42, 30 7.5-10.0 5-10 | | LE... M_E. or ELE. Deg 
615 Heat Trans. Equip. Mig. W is. 11, 14, 15, 19, 32, 38 44 | 3- | 35 | BS.LE.F 
616 Mech. Inetr lowa 92 10.0-13.0 
617 Steel Goods Mfg. NM 11. 31, 35, 54, 70 608.0 | 3-5 LE. Degree 
618 _ Metalworking Ohio 11, 19, 42 Open B.S.L.E. 
61° Metal Casting & Machy. Minn 10, 30, 40. 44, 92 9.0-12.0 
mandi | Food Machy. Mfg. lowa 3%, 42, 44 6.0 8.0 | §- M.E. Deg. or 2-3 Yre. Col. 
*® The above 3 P# have openings in New York City, Detroit, Mich.. Syracuse, N. Y., Indianapolis, Ind., and Cleveland, Ohio 
Key to Job Classifications 
No. Job Classification No. Job Classification No. Job Classification No. Job Classification 
10 Motion and Time Study 3%) §6Production Engineering 46 Replacement aa Safety Engineering — 
11 Methods Improvement 31 Production Control 47 Automation 67 Suggestion Systems 
12 Suggestion Systems 32 Process Planning and Routing 45 Plant Maintenance 70 Systeme and Procedures 
13 Work Measurement and Perf. 33 Scheduling and Loading 49 Cap. Budget. Facil. Plan 71 Admin. & Cpantns Procedures 
Stde. 44 Flow Process Charting SO Operations Research 7 ‘hearts and Maa- 
14 Stop Watch Time Stud 35 Inventory Control 51 System & Simulation with uals : 
15 Std. Time Data Dev. & Applic. ata) Cost Anal. & Reduction “Models” 73 Records Admin. & Form Control j 
16 Predeter. Elemental me 37 Statistical Quality Control 52 Mathematica) Analysis &) Product Design 
Stds. 38 Budgetary Control, Standard 53 Engr. Studies 81 Packaging 
18 Work Costs Auto. with Com- Management aad Supervision 
19 Estimating and Costing 39 Tool and Gage Design and Con- peters 7) Industrial Engineering Supr. 
20 Wage Payment trol 55 Market Research & Forecasting 92 Chief L. E. or Equiv. 
21 Incentive Plans 40 Plant Engineering ©) Industrial Relations “3 Plant Engineer 
22 For Production Workers 41 Plant Location & Expansion 61 Personne! Adminustration 4 Production Supervisor 
23 For Non-Prod. Workers 42 Plant Layout 62 Personne! Testing 95 Plant Mer., Fact. Mer., Works 
24 For Supervisory Personne! 43 Materia! Handling 63 Personne! Training Mar. 
26 Job Evaluation “4 Machinery & Equipment “4 Industrial Psychology v6 ——— , 
28 Wage Administration 45 BSpecif., Select. & Eval. 65 Labor Relations 
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AIIE Membership Roster: 


November I, 1959 


Marcis, George, 2064 Clarence Avenue, Lakewood 7, Ohio A-2 

Marcone, Arthur W.. 487 Judith Lane, Struthers, Ohio 2/A-/ 

Marcouiller, Robert J.. 3204 West Wells Street, Milwaukee &, 
Wisconsin 45A-2 

Marcus. Harold J.. 11546 Babbitt Avenue, Granada Hills, Cali- 
forma 23M-4 

Marcus. Joel A. 69-61 Yellowstone Boulevard, Forest Hille 75, 
Queens, New York 5A-2 

Mardis, Robert Lynn, 1622 Centerridge Avenue, Cincinnati 31, 
Ohio AW-4 

Margeson, Clarence R.. Box 21, Navy 230, c/o Postmaster, Seattle, 
Washington 

Margeson, De Forest M., 515 Carl Street, Endicott, New York 

Margolin, Charles 54 Flamehill Road, Levittown, ’ennsvl- 
Vania (4 A-2 

Margolis, Sidnev O., 76-09 Thirty-fourth Avenue, Jackson Neights 
72, New York SA-4 

Margoshes, Herbert M. 34 Marion Road, Marblehead, Masea- 
chusetts 30M-4 

Mariano, Remo P., 302 Billings Road, Quincy, Massachusetts 


ef) 
Markowski, M. 18206 Windward Road, Cleveland 19, Ohio 
D. 1507 Gordon Street, Redwood City, California 
gh R. The Martin Company, Box 179, Denver, Colorado 
277A. 
ag Syeret J. 176 Fifth Avenue, New Rochelle, New York 
he Gerald R. 50 Brompton Road, Great Neck, New York 
R6A? 
hg J. A. O. Smith Corporation, 3533 North Twenty- 


seventh Street, Milwaukee, Wisconsin 

Marke, Stuart T.. Box 165, Summerville, Georgia 92AF-/ 

Marlin, Norman Jr. Warner-Chilcott Laboratories, Tabor 
Road, Morrixs Plains, New Jersey 6/A-2 

Marlow, James C.. 2428 Weetminster Wav, Atlanta 7, 
(;eorgia OA-2 

Marlowe, Warren J. 4103 Sulgrave Road, Richmond 21, Vir- 
gma YA-2 

Maron, Henry E.. 305 North Datura, Littleton, Colorado 32A-/ 

Marquis, Leland G.. Main Street, West Stockbridge, Massachusetts 

Marquis, William R., United States Steel Corporation, Homestead 
District Works, Munhall, Pennsvivania 

Marr. Philip W., 4515 St. Margaret Lane, Columbus 13, Oho 

Marra. Joseph G. 256 Hickory Street, Washington Township, 
Westwood. New SA-4 

Marrinan. William K. R.R. 1, St. Paul 11, Minnesota 328A-2 

Marehall, Clavton F., 205 Carmel Avenue, Gahon. Ohio O0M-3 

Marehall. Fred E.. 1307 Revere Road, Winston-Salem, North 
Carolma 2/A-2 

Marshall. George L. Jr. 15534 East Dittmar Drive, Whittier, 
Cahtformna 

Martellotto. Peter A. 2117 Blackrock Avenue, Bronx 72, New 
York S5A-2 

Marthev. G. 316 Union Street. Crawfordsville, Indiana 
754A? 

* The first portion of the roster was published in the January- 
February issue. If errors in names and addresses are found, notify 
AITE Headquarters in Columbus, Ohio, in order that records may 


he corrected 
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Marti, Edward A., Assistant Chief Industrial Engineer, The William 
Carter Company, 33 Morris Street, Springfield, Massachusetts 
94A-2 

Martin, Charles E., 2836 Hermitage Drive, Winston-Salem, North 
Carolina 2/A-2 

Martin, Flovd E., Jr.. 851 Congress Avenue Extension. Water- 
bury, Connecticut 97A-2 

Martin, Frederick E., 236 East Pulteney Street, Corning, New 
York 4&A-/ 

Martin, George H.. 123 Forest Street, Danvers, Massachusetts 
30M -4 

Martin, Homer E.. 228 Sandhurst Drive, Dayton 5, Ohio 2M-/ 

Martin, Howard N.. White Cap Company, 1819 North Major 
Avenue, Chicago 39, Illmois 25M-4 

Martin, John Richard, 178 Loveman Avenue, Worthington, Ohio 

Martin, John T., 3005 Ford Avenue, Pittsburgh 35, Pennsylvania 
3M-3 

Martin, Joseph B., 909 Glencrest, Longview, Texas 60A-2 

Martin, Joseph D., 2350 Nineteenth, Wyandotte, Michigan 47A-2 

Martin, Kenneth W., 1359 Overlook Terrace, Titusville, Florida 

Martin. Ravmond M., 6231 Coolidge Road, Dearborn, Michigan 
17 A-2 

Martin. Richard A. P.O. Box 27, Southbridge, Massachusetts 
O8 A-2 

Martin, Robert J., 83025 West Lake Street, River Forest, Illinois 
25A-1 

Martin, William L., 2106 Erbbe Street, Albuquerque, N.E.. New 
Mexico 

Martin, Wvatt L.. Jr. Box 158, Winston-Salem, North Carolina 
Z1A-2 

Martinelli, William R., United States Time Corporation, Middle- 
bury, Connecticut 97A-2 

Martinez, Anthony F., 11 University Place, Great Neck, Long 
Island, New York &6A-2 

Martinko, Frank W., 610 Michigan Avenue, Glas<port, Pennsvl- 
vania 3A-] 

Martinson, E. P.. Department of Industrial Engineering, Uni- 
versity of Florida, Gainesville, Florida 27 .M-/ 

Martz, Kenneth T., Eli Lilly and Company, 740 South Alabama 
Street, Indianapolis 6, Indiana 65A-2 

Martzloff, Thomas H., ¢/o McKinsey and Company, Russ Build- 
ing. 235 Montgomery Street, San Francisco 4, California 
37 M-+4 

Marum, Harald, 73 Morris Avenue, Haworth, New Jersey 5M-/ 

Maruszewski, Bernard J.. 621 Juniper Circle, South Milwaukee. 
Wisconsin 

Marville, F. Edwin, 119 Maple Avenue, Willow Grove, Pennsy!l- 
vania 31M-4 

Marx. John B., 1300 Cotton Street, Menlo Park. California 327M-/ 

Marve, Robert, 204 Dawn Street, Signal Mountain, Tennessee 
54 M-4 

Marzo, A. S., 1320 Alexander, 8.E.. Grand Rapids 6, Michigan 
OAF-3 

Mascarin, A. Edward, 2164 Fourteenth Avenue, Kingsburg, Cali- 
forma OA-! 

Mason, Carrington, P.O. Box 1188, Houston 1, Texas 22M-4 

Mason, Harold, 52 Brighton Second Lane, Brooklyn 35, New 
York 5A-4 

Mason, Hubert E.. 912 West College, Oakland City, Indiana 
S8AF-4 

Mason, Jack F., 1421 Oakwood Trail, Indianapolis 20, Indiana 
65M-4 
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Mason, Richard P.. 102 Malwood Avenue, Dracut, Massachusetts 
62A-2 

Massa, John A., 35 Moore Street, Winthrop 52, Massachusetts 
30A-2 

Massey, Ed C., 2272 Miller Field Road, Macon, Georgia 55A-/ 

Massey, James W., 147 North Rampart Boulevard, Los Angeles 
26, California 23A-/] 

Masson, Daniel John, 900 South Avenue “C”, Washington, lowa 
0A-1 

Masters, Lawrence T., 5 Madill Court, Antioch, Califormia J2A-2 

Masters, Robert H.. Ohio Power Company, Canton 1, Ohio 


M-3 

Mastrangelo, Paul L.. 33299 Guilbert Drive, Willoughby, Ohio 
A-2 

Masueci, Robert J.. 2105 Shady Lane Drive, Huntsville, Alabama 
69 A-2 


Matheny, Herschel A.. Route 2, Guntersville, Alabama 69A-2 

Mathes, Charles F., Standard Coosa Thatcher Company, P.O 
Box 791, (Chattanooga & Te nnessee 54 A-2 

Mathes, Charles J . 24414 Farmington Road. Farmington, Michi- 
gan 47A-2 

Mathews, George, 2573 Hvde Street, Burlington, North Carolina 

Mathews, Harold Qe J Revnolds Tobacco (‘ompany, 
Industrial Engineering Department, Winston-Salem, North 
Carolina 2/M-4 

Mathews, Howard H., Jr, 121 West Thirtv-sixth Avenue, San 
Mateo, California 

Mathewson, M. H., Industrial Engineering Department, Inter- 
national Mining and Chemical Corporation, Administration 
Center, Old Orchard Road, Skokie, Ilinow 25M-4 

Mathis, Mark C., Jr. USS Wvyandot (AKA-42), Fleet Post 
Office, New York. New York 5A-2 

Matosoff, Henry, 1045 Lavender Lane, Route 2, LaCanada, Cali- 
fornia 23A-3 

Matreci, Eugene RR. 7900 Delmar, University City, Missouri 
l6A-2 

Matschke, Arthur L. Jr.. 
Illinois 25A-/ 

Matson, William (., 2368 Victory Parkway, Cincinnati 6, Ohio 
A-? 

Mattern, Philip J. Eaton Metal Products Corporation, 1301 
Willis Avenue, Omaha 10, Nebraska 9Y~/AF-1 

Matthew, Theodore B., 400 Old Spanish Trail, Menlo Park, Cah- 
fornia 37 A-/ 

Matthews, Alan H., 744 Elizabeth Street, Baton Rouge, Louisiana 
41M-3 

Matthews, Ansel H., 1204 Holland Street, Cumberland, Marv- 
land 

Matthews, Courtney, Charles Luckman Associates, 9220 Sunset 
Boulevard, Los Angeles 46, California 22A-] 

Matthews, Don (|. 7449 East Thirty-first Street, Tulexa 5, Okla- 


O05 Kast Maple Avenue, Mundelein, 


homa 
Matthews, Donald M.. 4 Del<ing Drive, Rexdale, Ontario, Canada 
&7 


Matthews, Gene A.. Route 1, Carrollton, Alabama 

Matthews, Robert D., Assistant Industrial Engineer, International 
Nickel Company, Huntington, West Virginia S54A-2 

Matthews, Walter D.. 937 Second Street, Massillon, Ohio 
IYA-1 

Matthews, William Lenkurt Electric Company, Ineor- 
porated, 1105 County Road, San Carlos, Cahformia 37A-/ 

Mattice, Dudley R.. P.O. Box 621, Wailuku, Maui, Hawan 

Mattocks, Raymond F., Olin Mathieson Chemical Corporation, 
Kast Alton, J6M-/ 

Matuch, George, Jr. 5415 Gable Lane, 
27 M-4 

Matus, Joseph A., 1404 Churchill Road, Lyndhurst 3, Ohio 7M-4 

Matusiak, Edward J.. Mine Safety Applances Company, 7501 
Penn Avenue, Pittsburgh, Pennevivania 3A-/ 

Matusik, Edward J.. 1943 Chestnut Street, Harrisburg, Pennsyl- 
vania YS M-/ 

Maurer, Henry L., 1630 West Seventh Avenue, 
53M-3 


Florida 


Jacksonville 11. 


(jarv. Indiana 


March—April, 1960 


Maurer, John L., R.R. 1, Town Line Road, North Madison, Ohio 
7M-4 

Maurer, Robert M., 11204 Mahlon Avenue, N.E., Albuquerque, 
New Mexico 59M-3 

Mause, Clifford H., 5029 West Boulevard, Canton 8, Ohio 19M-3 

Mauthe, John G., Jr, 3197 Ameno Road, Concord, California 
12A-2 

Mawson, Richard W., Eastman Kodak Company, 1669 Lake 
Avenue, Rochester 4, New York 44A-2 

Maxwell, C. Herbert, Box 550, R.D. 1, Masury, Ohio 24M-3 

Maxwell, George W., 908 Marlau Drive, Baltimore 12, Maryland 
4$2A-2 

Maxwell, Herris M., Route 2, Broadhead Road, Bethlehem, Penn- 
svivania /7/7M-4 

Maxwell, Ralph, Jr. 312 River Oaks Drive, New Orleans IM, 
Louisiana 

Maxwell, Robert J. Toledo Secale Company, Telegraph Road, 
Toledo 13, Ohio 36A-2 

Maxwell, Warren A., 3535 Dayton Avenue, Louisville 7, Kentucky 
1&M-3 

Maxwell, William A. E. Kahn's and Sons, 3241 Spring Grove 
Avenue, Cinemnati 25, Ohio &A-2 

Maxwell, William J., 1430 Burtner Road, Natrona Heights, Penn- 
svivania JA-/ 

May, Arthur R., Sterling Casting Corporation, Bluffton, Indiana 
34 A-1 

May, Carl P.. 3 Enright Avenue, Jeffersonville, Indiana I18A-3 

May, Christie M., 35 Market Street, Lewisburg, Pennsylvania 

May, Harold H., 630 Mt. Zoar, Elmira, New York 

Mav, James E., Bangs, Texas 

May, Walter C., 10412 Viseount Drive, St. Louis 21, Missouri 
16A-2 

May, William C., 73 Grandview Place, Walnut Creek, Cahfornia 
12A-2 

Mayberry, Frank P., 2019 Valley View Road, Sharpeville, Penn- 
evivania 24M-3 

Mayberry, Hassell G., 3051 Gilmer Avenue, Winston-Salem, North 
21A-2 

Mavem, Morris, 16 Ocean Parkway, Brooklyn 18, New York 
5A-2 

Maver, Donald A. 722 Panchita Way, Los Altos, California 
37 M-4 

Maver, Mitchell L.. 20 Crosby Avenue, Deal, New Jersey 6/A-2 

Maver, Robert L., 250 Woodward Street, Wavan 68, Massachusetts 
SOM 

Maver, Victor P., 493 Dale Drive, Erie, Pennsyivania 5/]W-/ 

Mavers, Robert G., 16% Andrew Street, Kingston, New York 
(6A-2 

Mayhew, Rodney D., Armstrong Cork Company, Linoleum Plant, 
Liberty Street, Lancaster, Penneyvivania 7]M-¢ 

Maynard, Harold B.. Methods Engineering Council, 718 Wallace 
Avenue, Pittsburgh 21, Pennsyivania 3-3 

Maynard, James M.. R.F.D, Box 290, Tooele, Utah S50A-2 

Maynard, Miles J. 209 Jackson Circle, Tullahoma, Tennessee 
Ot A-1 

Mavo, William E., Route 2, Brighton, Tennessee (0A-/ 

Mavr, Wilham F., I, Sault Ste. Marie, AD Sector, KI Sawver 
Air Force Base, Gwinn, Michigan (OA-/ 

Mavs, Carl L.. 704 Sixth Street. Fremont, Ohio J6A-2 

Mavs, Henry F., 1002 Claudine, N_E.. Albuquerque, New Mexico 

Mazeika, Daniel F. YMCA—304 Wood Street, Pittsburgh 22, 
Pennsvivania 3A-/ 

Mazich, Paul, 301 South Clover Lane, Harrisburg, Pennsvivania 


48M ~3 


95A-2 

Mazura, Lous V., 1, State Road, Meadville, Pennsylvania 
SIAF+ 

Mead, George G., 721 Walnut Street, Latrobe, Pennsylvania 
3M-3 


Mead, Gordon 8S., 310 Lorraine Drive (RFD. 1), Pickerington, 
Ohio JA-4 

Meade, Clyde B., 237 Buchanan, Fayetteville, Arkansas &/A-/ 

Meade, Donald F., 454 North Almont Drive, Los Angeles 48, 
California 23A-] 
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Meador, Norman W., 3914 Olympia Drive, Winston-Salem, North 


Carolina 2/A-2 

Means, M. Frank, 1320-D East Thirty-eighth Street, Tulsa 5, 
Oklahoma J5M-3 

Mears, Francis C., R.D. 2, West Lockhart Street, Savre, Penn- 
svivania 4&A-] 


Mears, Walter J.. Chief Industrial Engineer, E Z Paintr, 4051 
South Iowa Avenue, Milwaukee 7, Wisconsin 45AF-/ 
Mecca, Mauro L., 29 Bowes Place, Passaic, New Jersey 61]A-2 
Meckle, Franklin C., 1425 Haupt Avenue, Richland, Washington 
0A-1 

Meckley, Damiel G., 
OM-3 

Meckley, John S., 7416-B River Drive, Newport News, Virginia 
A-2 

Medford, J. Frederick, 8246 Roberts Drive, Dunwoody, Georgia 
OM -4 

Medford, Lel L.. Tyler Pipe and Foundry, P.O. Box 2027, Tyler, 
Texas OUAF-4 

Mediate, Anthony, 2355 Skywae Drive, Youngstown 11, Ohio 
24A-1 

Meditz, Edward, 300 Mankato Street, Chula Vista, California 
29A-] 

Medlicott, William B.. Western Electric Company, 2525 Shade- 
land, Indianapolis 6, Indiana 65A-2 

Medsker, Dale, 396 Deckner Avenue, 8.W., Atlanta 10, Georgia 
OoM-4 

Medwin, Julius M., 67-52 Two Hundred Eleventh Street, Bayside, 
New York 5M-4 

Meeder, Merle L., American Radiator and Standard Sanitary, 
1541 South Seventh Street, Louisville &, Kentucky 18M-3 

Megani, Peter S., 239 Pines Lake Drive, East, Wayne, New 
Jersey O1M-4 

Mehlen, Harold R., Industrial Engineer, Western Electric Com- 
pany, 3300 Lexington Road, Winston-Salem, North Carolina 


III, 602 Crescent Road, Mansfield, Ohio 


21A-2 

Mehta, D. K., Hindustan Lever Limited, Sewri, Bombay-15, India 
4A-S 

Mehta, Suresh J, 16 B Manheim Gardens, Philadelphia 44, Penn- 


svivania 3/A-2 

Meier, Arnold R. American Blower, 8111 Tireman, Dearborn, 
Michigan 17 A-2 

Meier. France A. 843 Georgia, Beaumont, Texas (0A-3 

Meier, Morris G., 207 Elliott Street, Austin, Texas (0A-/ 

Meincer, John H., 1515 Holderby Road, Huntington 1, West Vir- 
ginia S&M-4 

Meinert, Grover N., Atlantic Stee] Company, P.O. Box 1714, At- 
lanta 1, Georgia 6M-/ 


Meintel, Joseph E., Newell Road, RF.D. 3, Schenectady 6, 


New York 0M-3 
Meisel, Sevmour L., 229 Grayton Road, Tonawanda, New York 
19M -3 


Melgaard, Eugene M., Code M2112, United States Navy, Bureau 
of Yards and Docks, Washington 25, District of Columbia 
14A-2 

Melligan, Grover W., Glen Gardner, New Jersey 77A-2 

Mellin, Warren Roger, United Air Lines, 5959 South Cicero 
Avenue, Chicago 38, Illinois 25M-4 

Meltzer, Alvin 8S., Fifth Ordnance Company (d/s) APO 358, San 
Francisco, California 

Menard, Fred 8., 3326 Poinsettia Drive, Dallas 11, Texas JOAF-3 

Mender, Charles A., 620 Sizeler Avenue, New Orleans 21, Lour- 
ana /4A-2 

Mendler, Robert F., 224 Regency Road, Le Sueur, Minnesota 


38M -4 

Meninger, Frank J. 42 Amherst Place, Livingston, New Jersey 

Menke, Robert M., 528 Seventh Avenue, South, St. Petersburg, 
Florida YIA-2 


Menkemeller, Edward F.. A Company, 27th ORD BN, Ist CAV, 
APO 24. San Francisco, California (0A-/ 

Menten, Robert A. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pennevivania 3M-3 

Mentz. Philip Sherwood, 10544 Cletus Drive, Baton Rouge, Louisi- 
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ana 4/M-3 

Mercer, Paul G., 5311 Henderson, Apartment 226, Seattle 18, 
Washington 20A-2 

Mercuro, Tobia G., Allis-Chalmers Manutacturing Company, 4620 
Forest Avenue, Norwood 12, Ohio &A-2 

Mergen, Francis C., 2337 Calumet Lane, Peoria, Illinois &0M-4 

Mericle, William F., Works Manager, The Cincinnati Shaper 
Company, Box 111, Cincinnati 11, Ohio &M-4 ; 

Merikallio, Reino A., 157 East Eighty-ninth Street, New York 
28, New York 5A-2 

Merkel, Mary Rita, 123 Manor Parkway, Apartment 4, Rochester 
20, New York 44M-4 

Merrell, James M., 3519 Bluegrass Road, S.W., Huntsville, Ala- 
bama 69A-2 

Merrick, Charles M., 815 Porter Street, Easton, Pennsylvania 
77M-4 

Merrill, Karl R., 4632 Hastings Drive, Dayton 40, Ohio 2A-2 

Merriman, Jack E., 15222 South East Thirty-ninth Street, Belle- 
vue, Washington 20A-2 

Merrithew, E. C., 6146th AF Advisory Gp., APO 76, San Fran- 
cisco, California OA-] 

Merritt, Croft S., 931 Montrose Avenue, Columbus 9, Ohio 1M-4 

Mersch, Richard J., 174 West Ninth, San Bernardino, California 
78A-2 

Merting, Fritz, 1620 Bayou Grande Boulevard, Beach Haven, 
Warrington, Florida 33A-/ 

Merva, John, 27450 Tremaine Drive, Apartment 20108, Euclid 
32, Ohio 7A-2 

Merz, John E., Jr.. Corning Glass Works, Corning, New York 
48 AF -3 

Mesko, Louis J., 75 Marvin Avenue, Uniondale, Long Island, 
New York &6M-4 

Messenger, Miles S., 570 Southgate Road, North Sacramento 15, 
California 43A-2 

Messer, Henry S., Division Industrial Engineer, Westinghouse 
Electric Corporation, Box 288, Kansas City, Missouri 92A-2 

Messersmith, Edwin C., 620 Roebuck Circle, Birmingham 15, Ala- 
bama 9%A-2 

Messett, Robert L.. 
California 23A-] 

Metcalf, Henry M., 925 Republic Building, Cleveland 15, Ohio 
7M+-4 

Metcalf, Robert J. E.. 3 Buttonball Trail, Norwalk, Connecticut 
82M-4 

Metcalfe, Morris L., Route 4, Brenda Drive, Winston-Salem, 
North Carolina 2]A-2 

Metcalfe, Robert P., 6292 Rosalind Road, Huntington 44, West 
Virginia S58AF-4 

Metelits, Bernard D., 2010 Lake Avenue, Wilmette, Illinois 25M-/ 

Metz, Philip, 514 Davis Avenue, Union, New York 96A-/ 

Metz, Theodore D., 1110 Patterson Road, Dayton 20, Ohio 2A-2 

Metzger, Robert W., Member of Faculty, General Motors Insti- 
tute, Chevrolet and Third Avenues, Flint 2, Michigan 98M-/ 

Mey, Paul J, R.R. 3, Box 218, Syracuse, Indiana 3/A-/ 

Meyer, Arthur Charles, 4 Brown Road, Corning, New York 
I8M-3 

Meyer, Brud R., 5542 Culver, Indianapolis 26, Indiana 65-4 

Meyer, Charles F., Jr., 1912 Howell Street, Covington, Kentucky 
8A-2 

Meyers, Dan, 4751 Lincoln Avenue, Oakland, California 12A-2 

Meyer, Bernard L., P.O. Box 2610, Jacksonville 3, Florida 27A-/ 

Meyer, Eugene Joseph, 3100 Regal Hill, Dayton 30, Ohio 2M-4 

Meyers, Francis J., 461 One hundred Sixty-eighth, S.E., Bellevue, 
Washington 20A-2 

Meyer, Ferdinand E., 8337 Graybirch Drive, Berkeley 21, Missouri 
16A-4 

~— Frederick S., 41 Roosevelt Place, Island Park, New York 
A-2 

Meyer, Jack A., 2722 El Segundo Drive, Rancho Cordova, Cali- 
fornia 43A-2 

Meyer, Karl H., 630 San Vicente Boulevard, Santa Monica, Cali- 
fornia 12A-4 

oe Merle E., 514 South Palm Street, Anaheim, California 


9491 South Badminton Avenue, Whittier, 
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Meyer, Robert E., 5828 Ashcraft Avenue, Minneapolis 24, Minne- 
sota 38A-2 

Meyer, Wilbert Harold, 7724 Kenridge Lane, Shrewsbury 19, 
Missouri J6M-4 

Meyer, William A., US 514 187 34, Det. B, USABMA Redstone 
(9302-1), Redstone Arsenal, Huntsville, Alabama 69A-2 

Meyer, William J., 2017 Cactus Avenue, Silver City, New Mexico 
59A-1 

Meverowitz, Herbert B., 3319 Avenue I, Brooklyn 10, New York 
5A-2 

Mevers, Martin J., Post Office Department, 512 Nicollet Avenue, 
Minneapolis 2, Minnesota 3&M-4 

Mevers, Steven H., 17325 Stoepel, Detroit 21, Michigan 47A-2 

Mevers, William C., 1141 East Street, Pittsburgh 21, Pennsylvania 
3A-1 

Michael, Gerald E., Supervisor of Industrial Engineering, Hub- 
bard Plant-Valley Mould and Iron Corporation, Hubbard, 
Ohio 

Michaels, Thomas W., 306 Thirty-sixth Street, N.W., Canton 9, 
Ohio I9A-] 

Michaelson, James P., Chief, Engineering Division, Maintenance 
Engineering, Headquarters, San Bernardino Air Material 
Area, Norton Air Force Base, San Bernardino, California 
(8A-2 

Michel, Barbara D., Shell Oil Company, P.O. Box 2527, Houston 
1, Texas 22A-] 

Michel, Maurice R., 2623 Twenty-seventh Street, Moline, Illinois 
16A-2 

Michelsen, Richard F., 718 Pritchard Court, Santa Clara, Cali- 
fornia 37A-! 

Michelsohn, Fred H.,, 138 Hillerest Avenue, West Hartford, Con- 
necticut 5A-2 

Michie, Billy E., 2014 Brookhaven Drive, Tyler, Texas 60A-2 

Michie, Hugh D., 903 Sunshine Square, Longview, Texas 60M-4 

Midkiff, Ravmond L., 4013 North West Fourteenth, Oklahoma 
Citv, Oklahoma 5/A-#4 

Mihalasky, John, 29 Vinevard Place, Passaic, New Jersey 61M-4 

Mihaly, Louis K., Walworth Company, 1515 Washington Street, 
South Braintree, Massachusetts 30.M-4 

Mihelich, Donald L.. 608 Paseo De Los Reyes, Redondo Beach, 
Calhiorma 23M-/ 

Mihelick, Stanley J., 
52A-2 

Miksis, Felix S, 201 Wedgewood Drive, Riverton, New Jersey 

Mikulski, Robert J. 11 Republic Street, Binghamton, New York 
-3 

Milam, John D, Jr, 1524 West Elm Avenue, Fullerton, California 
23A-1 

Milanese, James J. 1527 Sixth Street, Santa Monica, California 
23A-l 

Milenkovich, Mitchell, 4755 South Kilpatrick Avenue, Chicago 
32, Illinois 25A-/ 

Milewiez, Leo S.. 5195 Belmont, Hamtramck 12, Michigan 47A-2 

Milillo, Joseph P., 15 Dixie Lane, East Islip, New York S56A-2 

Millar, M. B, 205 Paseo de las Delicias, Redondo Beach, Cali- 
fornia 23 M-4 

Millard, James A., 

Millard,: Robert 


2342 Giffels Drive, Cuyahoga Falls, Ohio 
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vue, Washington 20A-4 

Orphan, Kieth C., 34 Hendry Road, Durban, Natal, South Africa 
OW-3 

Orr, George E., R.R. 2, Clinton, New York &5AF-4 

Orr, Svdney C., Jr.. 2473 Ash Drive, Springfield, Ohio 0M-3 

Ortendah!l, Carl C.. 90 Bond Street, Norwood, Massachusetts 
30A-4 

Ortendahl, Raymond B., 1614 Norwood Avenue, Prospect Park, 
Pennsevivania 3/M-4 

Osalza, Donald J. R.R. 5, Lake Hayward, Colchester 14, Con- 
necticut /5A-4 

Osborn, Ned D., 6237 South Fairfax Avenue, Los Angeles 56, 
California 23A-] 

Osborn, Russell W., Jr.. 209 Main Street, Amesbury, Massachusetts 


62M -4 
Osburn, Sherman L., 415 West Dickson Avenue, San Antonio 14, 
Texas 39M-4 


Ossorio, Earl K., 1303 Baldwin Drive, Orlando, Florida 27A-2 

Osterberg, George B., 117 Longman Avenue, Ann Arbor, Michigan 
OM-3 . 

Osterlind R., 3324 Via La Selva, Palos Verdes Estates, California 
23M-4 

Ostrognai, Ernest R., 1825 East Thirty-second Street, Lorain, 
Ohio 2M-4 

Ostrowski, Richard A. 5201 Tower Road, Riverside, California 
78M-4 
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Osumi, Ernest T., 751 North State Road 7, Fort Lauderdale, 
Florida 

Oteiza, Enrique, c/o Paul Dedyn, Paseo Colon 800, Cristalerias 
Rigolleau, South America, Buenos Aires, Argentina (0AF-3 

Otey, Herbert C., Jr., 2648 Thomas Boulevard, Port Arthur, Texas 
0A-1 

Otis, Irvin, 20545 St. Marvs, Detroit 35, Michigan 47A-2 

Otis, John J.. Brown-Lipe-Chapin Division General Motors Cor- 
poration, Town Line Road, Syracuse 1, New York J3A-2 

Otremba, Frank C., Jr. 5046 Jackson Boulevard, Lake Cable, 
Canton 8&8, Ohio J9M-3 

Ott, Howard F., 280 Upland Avenue, Youngstown 4, Ohio 24A-1 

Ottosen, Marvin L., Box 725, MeGill, Nevada OA-/ 

Otwell, Orville V., 784 Maple Street, Spartanburg, South Carolina 

Ouimet, William C., 265 College Avenue, Beaver, Pennsy|l- 
vania 

Overbey, W. R., 2840 North Spring Street, St. Louis 7, Missouri 
16M-4 

Overmver, Paul A., Rossford Ordnance Depot, Toledo 1, Ohio 
36A-? 

Overton, David A., P.O. Box P, Oak Ridge, Tennessee 11M-4 

Owades, Henry M., 526 Pemberton Avenue, Plainfield, New Jersey 
5A-4 

Owen, Cleveland E., 10125 Daryl Drive, Baton Rouge 6, Louisi- 
ana 4]A-3 

Owen, Halsey F., 171 Littleton, West Lafavette, Indiana 35M-4 

Owen, Samuel H., 1705 Meadowbrook Drive, Winston-Salem, 
North Carolina 2)/A-2 

Owens, Berl W., Department of Mechanical Engineering, Univer- 
sity of Washington, Seattle 5, Washington 20M-# 

Owens, Desmond, 16025 Greenridge Terrace, Los Gatos, California 


Owens, Donald B., 3910 Woodrow Drive,: Port Arthur, Texas 
0A-1 

Owens, Jimmie M., Mead Corporation, Kingsport, Tennessee 
17A-1 

Owens, William C., Uniflow Manufacturing Company, 1525 East 
Lake Road, Erie, Pennsylvania 5/]A-2 

Ozanne, Warren, 4736 Homer, Dallas, Texas JO0A-/ 

Pace, Alfred T., 464 Saratoga Street, East Boston, Massachusetts 
30A-2 

Pace, Eldon, 282 North Lakeview, Clearfield, Utah 50A-2 

Pace, Morton L., 4403 Live Oak Lane, Chattanooga 11, Tennesse« 
54A-2 

Paden, Harry E., Chief Industrial Engineer, American Sterilizer 
Company, 2424 West Twenty-third Street, Erie, Pennsylvania 
51M-4 

Paden, Ralph S., Aladdin Road, Lookout Mountain, Tennessee 
54A-2 

Padilla, Robert, Jr.. 309 Glenway Road, Bristol, Tennessee J17A-/ 

Paffrath, Fred G., 22 Woodland Court, Pompton Plains, New 


Jersey 61A-4 
Page, Clayton E., 51 Clifton Park, Melrose 76, Massachusetts 
30A-2 


Page, Edward L., Department of Industrial Engineering, Univer- 
sity of Michigan, Ann Arbor, Michigan 47M-4 

Page, Robert H., Johns-Manville Products Corporation, Zeli- 
enople, Pennsylvania 3A-/ 

Page, Thomas W., 6745 Saroni Drive, Oakland 11, California 


12M-4 

Pagel, Herbert, c/o Papermate, 444 Merchandise Mart, Chicago 
Illinois 23A-] 

Paige, Orville L., 2230 South Ridgewood, Wichita 18, Kansas 


56A-2 
Painter, James I., 908 Luray Place, Hyattsville, Maryland 14A-2 
Paiss, Hal, 7855 Woodrow Wilson Drive, Los Angeles 46, Calli- 


fornia 23M-4 

Paksarian, Harry, 58 Arlington Street, Franklin, Massachusetts 
30 A-? 

Palisin, Ernest J., 2116 Green Acres Road, Metairie, Lousiana 
74M-+-4 


Palken, George, 153 Hackensack Road, Chestnut Hill 67, Massa- 
chusetts 30M-4 
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Pall, Raymond M., 114 Rosemont Drive, San Ahtonio 1, Texas 
39M -4 

Palmer, Alten C., 223 North Prospect Street, Herkimer, New York 

Palmer, Edwin L., Jr., 30 Ginn Road, Winchester, Massachusetts 
30M -4 

Palmer, Frank P., 269 Washington Street, Woburn, Massachusetts 
30 AF -4 

Palmer, Robert J., 15763 One Hundred Nineteenth Place, S.E., 
Renton, Washington JZ0A-2 

Palmer, Roger W., 2035 Seymour Drive, Dallas 20, Texas J0A-3 

Palmer, William L., 826 Bennington Avenue, N.E., Massillon, Ohio 
JOM -3 

Palmieri, Louis B, 141 Eastern Way, Rutherford, New Jersey 
61AF-4 

Panara, Ned E., Hewitt-Robins, Incorporated, 240 Kensington 
Avenue, Buffalo 5, New York 49A-/ 

Pantalone, John R.. 18 Young Avenue, Croton-on-Hudson, New 
York 5A-2 

Panter, Arthur M., 2884 Northwest Raleigh, Portland 10, Oregon 
67 A-l 

Papalardo, Neil M., 210-06 Forty-third Avenue, 
York 5A-2 

Pappas, Aristotle T., 3058 Roe, Houston, Texas 22A-/ 

Pappas, Harrv, Jr. 8842 Ventura Street, Anaheim, California 


Bayside 61, New 


232M 
Paradice, William L.. Jr.. 1309 Westmont Road. S.W.. Atlanta 11, 
(,eorgia 


Paramore, Rulon C., 688 Montgomery Drive, Sandy, Utah S0AF-/ 

Pardee, Donald R. Morahopa Lane, RR. 5, Huntington, New 
York &6A-2 

Parden, Robert J.. College of Engineering, University of Santa 
(lara, Santa Clara, California 

Parise, Sylvester M.. Standard Cost Department, Weirton Steel 
Company, Weirton, West Virginia (A-/ 

Paris, Flovd J. International Business Machines Corporation, 
Department 374, Endicott, New York %6A-/ 

Parish, Robert E., 105 Fairview Avenue, Painted Post, New York 
IAM 

Park, F. W.. 24 Hookhollow Road, Noveltv, Ohio 7M-# 

Park, Frank A., 1551 Thirtyv-fourth Avenue, Moline, 
16M-4 

Park, Robert L Houghton Mifflin any. Rive reide Press, 840 
Memorial Drive, Cambridge 38, Massachusetts 

Parker, Arthur L., 486th Camron, APO 953, San Francisco, 
forma OA-/] 

Parker, Clarence C., 7015 Whitesburg Drive, 8-E., Hunteville, Ala- 
bama M-/ 

Parker, Dwight L., 4002 East Elm, Wichita, Kansas S56A-2 

Parker, Harry Wilham, 433 Fair Street, Berea, Ohio /M-# 

Parker, James B, Jr, Box 321, Mount Olive, North Carolina 


Illinois 


660AF-3 
Parker. John F., 443 East Ninth Street, National Citv, California 
29M 
Parker, Kenneth L., 5248 Madi-on, Sacramento, California 43A-2 
Parker, Robert M., 35 Forest Avenue, Riverside, Ihnow 25A-1 
Parker, Ronald, Box 9876, Fort Worth 7, Texas J0A-l 
Parker, Russell 6624 Ash Avenue, Garv. Indiana 


Parker, Sumner, 1331 Goodbar Avenue, Memphis 4, Tennessee 
28A-2 

Parker, Verdun L.. 2441 Princeton Drive, 

Parker, W. Dale, 208 Third Avenue, Lyndalia, Wilmington, Dela- 
ware JO00A-] 

Parker, Wendell R, Cleopatra Drive, Concord, California 
12M-4 

Parker, William E., 7103 Meadowbrook Road, Lynchburg, Virginia 
101M-4 

Parkhouse, Leonard F., Canadian Westinghouse Company, 
Limited, Sanford Avenue, N.. Hamilton, Ontario, Canada 
&7 M-3 

Parkinson, Morville A. Canadian General Electric, 214 King 
Street West, Toronto. (ontario. Canada 

Parkman, Richard J. R.R. 9, Box 177A, Fort Worth, Texas 


San Bruno, California 


March—April, 1960 


Parks, David H., 2101 Twenty-first Avenue, S., Birmingham 9, 
Alabama 9%A-2 

Parks, Edwin R., 3355 Mildred Lane, Lafayette, California 12M-4 

Parks, George M., 2480 Virginia Street, Berkeley 9, California 
12A-2 

Parks, John H., 4040 Hilliard-Cemetery Road, Hilliards, Ohio 
1M-4 

Parks, Kay D., 5117 West Moor Road, Salt Lake City 17, Utah 
50A-2 

Parks, Newton I, 6 Lexington Road, Bordentown, New Jersey 


31A4 

Parks, Robert SS, 350 Derwyn Road, Lansdowne, Pennsylvania 
31A-2 

Parks, Wiliam R., 320 La Herran Drive, Santa Clara, California 
37 A-1 


Parrish, Bobby M., R.R. 1, Box 204, Metter, Georgia (@A-! 

Parrish, Karl M., 722 Carolina Avenue, Gastonia, North Carolina 
&3A-2 

Parrott, Cecil W., 16245 Southeast Seventh, Bellevue, Washing- 
ton 20A-2 

Parsons, Cortland F., 5 
vania /77A-4 

Parson, Edwin R., 218 Christian, Hubbard, Ohio 24A-3 

Parsons, Fred E., Machinery Consultants, Incorporated, 6101 Ver- 

mont, Detroit 8, Michigan 47AF-4 

Parsons, I. H., Jr., 414 Jeb Stuart Avenue, Anderson, South Caro- 
lina 6A-2 

Parsons, Stephen J., 460 Hancock Street, West Abington, Massa- 

chusetts 30A-2 

Parsons, Norman, 226 The Kingsway, 
Canada &7M-3 

Partridge, Lawrence R., c/o Khuzestan Development Service, P.O. 
Box 14, Ahwaz, Khuzestan, Iran (0-3 

Parvin, Robert, 2597 Alma, Palo Alto, California 37A-! 

Paschall, W. Eugene, II, 5726 Greenbrier Drive, Dallas 9, Texas 
10A-1 

Paseuzzi, Joseph L., 2006 Cullum Drive, Reading, Pennsylvania 

Pashalian, John L., 65 West One Hundred Eighty-first Street, New 
York 53, New York 5M-4 

Pasquale, Carl John, 49 Baltusrol Way, Short Hills, New Jersey 
61M-4 

Passante, Edward C.. 8410 Northwest Twenty-third Avenue, 
Miami, Florida 

Passey, Robert K., 167 “I” Street, Salt Lake City 3. Utah S50A-2 

Passmore, Lyle F., American Forging and Socket Company, 150 
Branch Street, Pontiac, Michigan 4/7A-2 

Pate, John William, 712 Seenie Drive, Morristown, Tennessee 
11M-4 

Patel, V. M., Vithal Chawk, P. O. Dharmaj, (Dist Kaira), Bom- 
bay State, India (@A-! 

Paterson, Duncan W., 127 Simpson Street, Sault Ste. Marie, On- 
tario, Canada 

Paterson, John, 250 Oakwood Avenue, Apartment 9, Toronto 10, 
Ontario, Canada &7M-3 

Patrick, Austin E., 28093 Wildwood Trail, Farmington, Michigan 
47M+4 

Patronik, John M., 17210 South Throop Street, Hazel Crest, Ilh- 
nois 25A-] 

Patten, Ezra B., 1215 South 050 West, Orem, Utah 50A-2 

Patterson, Burton B., 1401 Forty-third Street, Birmingham 8, Ala- 


50 Station Avenue, Coopersburg, Pennsyl- 


North, Islington, Ontario, 


bama 9M-/ 

Patterson, David C., 400 Nineteenth Street, Moline, Illinois 
164-2? 

Patterson, David G., 586 Lakewood Road, Walnut Creek, Calli- 
fornia J2M-4 

Patterson, David G., 13 Norris Street, Wellsboro, Pennsylvania 
48 A-] 


Patterson, Joe L., 903 South Jefferson, Mexico, Missouri J6A-2 

Patterson, Morris, 3579 Sutton Drive, Memphis 7, Tennessee 
28A-2 

Patterson, R. Wayne, 1181 Stewart Avenue, S.W.. Apartment 9, 
Atlanta 9, Georgia 6A-2 

Patterson, Thomas J., 2 Flower Street, Corning, New York 48A-I 

Pattillo, John D., P.O. Box 504, Daingerfield, Texas 60A-2 
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Patton, Henly H., Jr. 17 Sandon Drive, Asheville, North Caro- 
lina &3A-2 | 

Paugh, George W., 4004 South Thirteenth Avenue, Seattle 8, 
Washington 20A-2 

Paul, Arthur N.. 31 Palmerston Road, Rochester 18, New York 
44M-4 

Paulson, David P.. R.R. 3, Estherville, Iowa 

Paulus, Philip E.. P.O. Box 13, Pleasant Valley, Pennsylvania 


77 A-2 

Payne, Charles E.. 21 Flinn Drive, Wymberley, Savannah, Georgia 
26A-1 

Payne. Donald S., 106 Sunset Lane, West Lafayette, Indiana 
35M-4 


Payne, Matthew A.. Lubrizol of Canada,;Limited, P.O. Box 26, 
Niagara Falls. Ontario, Canada /9°V-? 

Payne, Sidney M.. Bingham Pump Company, 2800 Northwest 
Frat Avenue, Portland 10, Oregon 67 A-/ 

Peacor, Robert W.. 46 Oneta Road. Rochgster 17, 
44A-2 

Peal, Marshall L.. 1447 FE] Capitan Way, Napa, California 12A-2 

Pearce, Lawrence, General Supervisor of Industrial Engineering. 
SKF. Industries WC, Front and Erie Streets, Philadelphia, 
Pennsvivania 3/A-2 

Pearce, Perry O., 11853 Chanera Street, Inglewood, California 
23A-1 

Pearce, William B. 1200 West Cleermont Circle, 5.E., Huntsville. 
Alabama 69 M-/ 

Pearsall, Jere, c/o Mr. Walter Oakie. Ranson Road, Winston- 
Salem. North Carolina 2/A-2 

Pearson, Irving, 51 Edgewater Drive. Framingham, Massachusetts 
30M -4 

Pease, Robert C 
Jersey 61A-2 

Peck, Eliot R. 1662 Garnet Lane. Concord, California 12M-4 

Peck, John R.. 104 Meadowbrook Drive, R.R. 3, Baldwinsville. 
New York 

Peck, Kenneth W.. The Chemstrand Corporation, P.O. Box 1507, 
Pensacola, Florida 33A-/ 

Peckham, Barry E.. Merck and Company, Incorporated, Elkton, 
Virginia 

Peckham, Harry E.. 3035 Northeast Forty-fifth Avenue, Port- 
land 13, Oregon 67A-/ 

Peckham, Herbert H., 57 The Strand, New Castle, Delaware 
IOOA-1 

Peckham, Richard G., 
5AF-4 

Peckins, Keith B.. Glen Road. S.. Mounted Route, Rome, New 
York &5A-?2 

Peckover, Lester C., 236 South Florence, Wichita 13, Kansas 


New York 


1350 Marlborough Avenue, Plainfield, New 


31 Etville Avenue, Yonkers, New York 


56A-2 

Pecora, Thomas D., 25 Adams Road, Winchester, Massachusetts 
30A-2 

Pederemi. Alfred J.. 375 Main Street. Amherst, Massachusetts 
94 A? 


Peebles, John M., Box 24, Lawvers Hill Road, Elkridge, Marvy- 
land 42A-2 

Peel, Robert R.. 18990 Marine View Drive, Seattle 66, Washing- 
ton 20M-4 

Peeples, Frank K., 536 East Forty-fourth Street, Savannah, Geor- 
gia 26A-3 

Peesel, Henry F., 4335 North Newland Avenue, Chicago 3}, Ilh- 
nois 25A-/] 

Peirano, Robert S.. Clerical Work Measurement Analvst, Ford 
Motor Company (International Division), 4 Exchange 
Place, Jersey Citv, New Jersey 61A-2 

Pekor, Charles B.. 2425 West Holcombe, Houston 25, Texas 
22A-1 

Pellegrino, Michael J., Jr.. 243-D Garfield Avenue, Collingswood 
7, New Jersey 31M-4 

Peller, Richard A., 2352 Rosewood Avenue, Winston-Salem, North 
Carolina 21A-4 

Pellizzi. -P. Alexander, 728 Scranton Avenue, East Rockaway, 
Long Island, New York 5A-/ 

Pelot, Ben A., Jr., 230 DeLee Drive, Kingsport, Tennessee 

Pelster, Raymond L., Bartlett, Nebraska (0A-/ 


17 A-1 
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Pelton, Benjamin H., 1570 Twenty-third Street, Ogden, Utah 
50A-2 

Peltzman, Morton, 13641 Illinois Street, Westminster, California 
23A-1 

Pemberton, Robert C., 608 Santa Fe Avenue, Berkeley 6, Cali- 
fornia 12A-2 

Penick, John M.. Eastern New Mexico University, Division of 
Engineering, Portales, New Mexico 59M-3 

Penke, William D.. Great Road, Stow, Massachusetts 30A-2 

Penley, Charles W., 521 South Church Street, Brookhaven, Mis- 
sisxsippi 

Pennanen, Paul P., 15872 Via Nueva, San Lorenzo, California 
12A-2 

Penney, Ralph N.. 2296 Elstun Road. Cincinnati 30. Ohio 

Pennington, J. P.. 907 Fifth Street, Santa Monica, California 
23A-3 

Pennison, August J, 8323 Glencrest, Houston 17, Texas 22M-4 

Penton, LeRoy A., 4990 South Elati Street, Englewood, Colorado 
32M-3 

Peragallo, Don J.. 585 Forest Avenue, Staten Island, New York 
5A-2 

Percival, Dan 8S., Jr., 6639 Bedford, Omaha, Nebraska 90A-2 

Perdue, Charles G., 2661 Poinsettia Drive, San Diego 6, Cali- 
fornia 29M-3 

Perdue, Paul P., 4867 North Newhall Street, Milwaukee 17, Wis- 
consin 45 M-4 

Perez, Juho R., Central Algodones, Camaguay, Cuba 

Perez-Guerrero, Fernando, Apartado Postal 30239. Mexico 7, DF. 
Mexico O0M-3 

Perfetto, Robert P.. 16 Laurel Drive, Little Silver, New Jersey 
61AF-4 

Perillo, Vincent J. 1011 Dale Road, Secane, Pennsvlvania 21A-2 

Perlich, Frederick A.. 1006 West Baker Avenue, Fullerton, Cali- 
fornia 23A-3 

Perloe, Paul, 933 Ilse Court, North Bellmore, Long Island, New 
York 5A-4 

Perry, John E., Jr. 1853 Woodland Avenue, Palo Alto, California 


37 

Perulfi, John R., 500 Bevington Road, Pittsburgh 21, Pennsylvania 

Perkins, Donald D., 3921 Forty-third Street, Des Moines, Iowa 
16A-2 

Perkins, Richard L., 708 North Marsalis, Apartment 7, Dallas 3, 
Texas JO0A-] 


Perkins, Walter C , 11110 Fonda, Houston 35. Texas 22A-3 

Perkins, William C., 3445 Riveria Drive, San Diego 9, California 
29A-1 

Perkins, Wilbur E., 3205 Norma Lane, Louisville 5, Kentucky 

Perkowski, Napoleon, 4806 Oakwood Avenue, Los Angeles 4, Cali- 
fornia 23M-4 

Peskin, Myron IL., 6833 Mobud Drive, Houston 36, Texas 22M-4 

Peters, Charles A., 337 Frederick Street, Bluefield, West Virginia 
0A-3 

Peters, Charles H., Ravbestos-Manhattan, Incorporated, Steigel 
Street, Manheim, Pennsylvania 

Peters, Frank W., 7 Somerset Lane, Mill Valley, California 12A-4 

Peters, Raymond H., 882 West Spruce Street, Ravenna, Ohio 
7M-4 

Peters, Richard J., 1768 Academy Place, Dayton 6, Ohio 2A-2 

Petersen, Cedric W., 1950 Sacramento Street, San Francisco 9, 
California J2M-/ 

Petersen, Hans G., 710 Monroe Street, Endicott, New York 96A-3 

Petersen, Melvin J., 2560 Ranburn Drive, Gary. Indiana 53M-3 

Petersen, Raymond F., Route 4, Crawfordsville, Indiana 35A-2 

Peterson, Andrew I., 14 Stonybrook Road, Fairfield, Connecticut 
&2M-4 

Peterson, Charles A., 17012 Sherman Way, Van Nuys, California 
23M+4 

Peterson, Donald V., 513 Bright Street, Seattle 7, Washington 


20A-2 

Peterson, Edward L., 2830 Adams, N.E., Albuquerque, New Mexico 
59A-1 

Peterson, Elvin L., 3223 Fairchild Avenue, Wayzata, Minnesota 
38M -4 
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7322 Sixty-fifth Avenue, N.. Minneapolis 27, 
Minnesota 38A-2 

Peterson, John A., Box 44, Huntlev. Montana (@OA-/ 

Peterson, Lawrence C., 5704 North Merrimac Avenue, Peoria, Il- 
linois S&0A-2 

Peterson, LeRoy W., 2343 Twenty-four One Half Street, Rock 
Island, Illinois 46A-2 

Peterson, Ralph A., 3826 Kirkwood Road, Philadelphia 14, Penn- 
svivania 3/A-2 

Peterson, Raymond E., &Sr., 
Marviand 42A-2 

Peterson, Robert C., 2100 Esteben, Arabi, Louisiana 74A-2 

Pethick, David W., Federal-Mogul-Bower Bearings, Incorporated, 
Bower Roller Bearing Divi-ion, 3040 Hart Avenue. Detroit 14, 
Michigan 47A-2 

Pethn, Jack W., 1843 South Filbert Court, Denver 22, Colorado 
32A-3 

Petrie, Leslie D., 3 Warren Street. Grafton. Massachusetts 68A-2 

Petro, John S., 13995 Superior Road, Apartment 302, East Cleve- 
land 18, Ohio 7M-/ 

Petroff, Peter, 2319 Gary Avenue, Granite City, Illinois 16A-2 

Pettegrew, Robert Ba Management Analvst, The Port of New 
York Authority, 111 Eighth Avenue, New York 11, New York 
SAF -4 

Pettersen, Ole A. 
I2AF-3 

Petterson, Karl E. E., 201 South One Hundred Eightv-sixth, Seat- 
tle Washington 20 M-/ 

Petticrew, William K., Jr. 209 North Byers Avenue. Joplin, Mis- 
sourt UA-] 

Pettit, Smith D., 6769 Neptune Place, Apartment 12, La Jolla, 
California 29A-/ 

Petty, Wayne E.. P.O. Box 187, Corning, California 12M-4 

Pettvjohn, James F., 423 Johnson, Little Rock, Arkansas &/A-/ 

Pettvjobn, Janis Jean, Apartment 210, 1525 La Salle, Minneapolis 
3, Minnesota #&A-?2 

Petz, Richard A. 1804 Telegraph Road, Alexandria, Virginia 
14 AF -4 

Pezzotti, Charles P., 78 Fairview Avenue, Piedmont 10. California 
12M-4 

Pfeiffer, Lewis E., 113-14 Seventy-second Road, Forest Hills 75, 
New York 5A-2 

Pfender, John F., 595 Westchester Trail, Chesterland, Ohio 7M-4 

Phster, Harlan R. Donnelley and Sons Company, 350 
East Twenty-<econd Street, Chicago 16. 

Pflum, Frederick W., RFD 1, Box 9, Rosendale, New York 

Pfotzer, Wilham, Apartment 20F, United States Naval Ammuni- 
tion Depot, Charleston, South Carolina OA-/ 

Phelan, Halpin M., 309 Oread Road, Louisville 7, 
1&M-2 

Phelan, Milton T., 133 Earl Street, Joliet, Hlinois 25A-] 

Phelan, Thomas F.. Aronimink Arms Apartments, Building ‘D’ 
Apartment 1-C, City Line and Childs Avenue, Drexel Hill, 
Pennsvivania 3/A-2 

Phelps, Colbert M., Commonwealth Cedar Company. Shelbyville, 
Tennessee 73AF-3 

Phelps. George T.. 217 Nesbitt. Poland 14, Ohio 2/M-3 

Phelps, James C., Drawer 1267. Ponea City, Oklahoma OM-3 

Phelps, John W., 1311 North Raymond, Fullerton, California 
23A-I 

Philbrooks, Brvee, Patricia Antioch, Cahtornia I2A-2 

Philips, Robert W.. Kaiser Aluminum and Chemical Corporation, 
P.O. Box 566, Ene, Pennsvivanmia 5/M-4 

Phillips, Charles E., Jr. 125 Plantation Road, Route 4, Smyrna, 
Georgia 6OM-/ 

Phillips, Claw A., 


Peterson, Gary C., 


1253 Gleneagle Road, Baltimore 12, 


468 Stow Avenue. Oakland 6, California 


Kentucky 


(,eneral Tire and Rubber, 1708 Englewood 
Avenue, Akron 9, Ohio 52M-/ 

Phillips, Dean N.. 3126 -F. Road, Clifton, Colorado 

Phillips, Donald 9247 Wooden Bndge Road, Philadelphia 14. 
Pennsvivania 3/AF-/ 

Phillips, Herman A., 1336 Thompson, Evansville, Indiana 8&&A-2 

Phillips, Joe F., 622 Penguin Drive, Dallas 32, Texas J0A-3 

Phillips, Lewis A., Ethyl Corporation, Baton Rouge, Louisiana 
41A-1 


Morch—April, 1960 


_ Pieri, Louis, Buxton, Incorporated, 365 Main Street, 


Phillips, Richard C., Box 360, Muncy. Pennsylvania 89M-3 

Philips, Richard F., General Telephone Company, P.O. Box 1001, 
San Angelo, Texas 

Phillips, Robert V., 481 Sycamore, Claremont, California 23A-/ 

Phillips, Wiliam C., Project Management Department, Utah Di- 
vision, Thiokol Chemical Company, Brigham City, Utah 
5OM-4 

Phillips, William J., 5 Linden Street, Binghamton, New York 
96A-1 

Phillips, William Raymond, Moore Business Forms, Incorporated, 
800 South Raymond Avenue, Fullerton, California 23AF-3 

Phillips, Wiliam T., 304 Ninth Street, Radford, Virginia &/A-/ 

Philpott, Harry W., 801 Kenwick Road, Winston-Salem. North 
Carolina 21A-4 

Phoenix, Paul J.. Dominion Foundries and Steel Limited, Depewst, 
Hamilton, Ontario, Canada 

Pianin, Albert, 133 Loomis Drive, West Hartford 7, Connecticut 
75A-4 

Piantoni, Leo E.. 230 East Locust, Brea, California 23AF-3 

Piemotti, Velho G., 5410 Mary Lane Drive, San Diego 15, Cali- 
fornia 29A-3 

Pickard, Donald E., 505 Southwest First, Bethany, Oklahoma 
57 A-2 

Pickens, Robert R., 112 Ornida Avenue, M.R. 9, Beaver, Pennsyl- 
vania 

Pickup, Roy, 9 Prince Street, Heywood, Lancashire, England 
30A-2 

Pier, Herbert, 9222 Liptonshire Drive, Dallas 31, Texas J0A-! 

Pierce, Barry W., 3724 Mactibby Street, San Diego 17, California 


29A-1 

Pierce, Edward A. 15 Hill Street, Somerville, Massachusetts 
30A-2 

Pierce, Harry J.. 7708 Beaverland Avenue, Detroit 39, Michigan 
47 A-2 

Pierce, Jav L.. Route 2, Box 185, Theodore. Alabama 79A-2 


Agawam, 
Massachusetts 94M-4 

Pierson, Edward G., Jr., 4556 Indian Ridge Road, Sylvania, Ohio 
36A-2 

Pierson, Rov A.. 860 South Raritan. Denver 23, Colorado 32A-! 

Prieta, Edward International Nickel Company, Incorporated, 
Guvan River Road, Huntington 17, West Virginia 58&M-4 

Pigage, Leo C., University of Ilhmom, Urbana, Ilinow 80M-4 

Pike, August A., 1437 Bretton Street, Winston-Salem, North Caro- 
lina 2)A-2 

Pike, Lerov H., 7 Gardner, Newburgh, New York 76A-2 

Pike. Richard O., 1433 Southeast Third Street, Pampano Beach, 
Florida OA-/ 

Pikevy, Rav A., Carter Carburetor, Division ACF Industries, 2340 
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Pirtle. J. W., Apartment 6, Henrvetta Apartments, 504 West Sec- 
ond, Borger, Texas (0A-3 

Pistole, Robert G., 1416 MeKennie, Nashville, Tennessee 6/A-/] 
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Racedo, Ivan L., Juncal 1441 Jer piso, Buenos Aires, Argentina 
I2AF-3 

Rack, Charles W., Oakite Products, Incorporated, 350 Hudson 
Street, New York 14, New York 6/A-4 
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State Universitv, Manhattan, Kansas (1-3 

Reishach, Richard G, 3536 Watson Avenue, Toledo 12, Ohio 


36M 
Reisdorf, Matt H., 300 Twentv-fifth Street, Hermosa Beach, Cali- 
formia 


Reisfar. Charles A. 122 Briarwood Drive, Woodland Heights, 


Elgin, Illinois 25AF-2 

Reiss, Martin L., 1226 North Flores Street, Hollywood 46, Cali- 
forma 23A-l 

Reiter, Bernard, 1410 Fortyv-eimhth Street, N.W.. Canton, Ohio 
IGA-1 

Reitz, Robert E., 170° Falls Court, Anderson, Indiana C0A-] 

Rell r. Charles Kent Nleetinghouse Road. Hartsville. Pennsvl- 


A-2 


vania 

Reller, Walter L, 617 Bethlehem Pike, Ambler, Pennsvivania 
31A-2 

Remalv, Paul A. 3797 Elder Road, Harrisburg, Pennevivania 
M-4 

Rembisz. Eugene R. 4549 East Fortv-fifth Street, Tulsa, Okla- 
homa J5A-l 

Renaud, Charles FE. Jr.. 316 South Weinbach, Evansville, Indiana 
&&A-2? 

Rench, John J. 6417 North Tuxedo, Indianapolis 20, Indiana 
65M-4 

Reneke, F. A., Apartment 22 C, Westwood Heights, Macon, Geor- 
gia 55A-! 


Renner, Howard E.. R.R. 2, Box 237, Sherwood, Oregon 67A-! 

Rennie, Charles N., B. F. Goodrich Company, Akron Chemical 
Plant, P.O. Box 2267, Akron 1, Ohio 52A-2 

Renninger, William M., 7701 Airport Boulevard, Los Angeles 45, 


Merch—April, 1960 


California 23A-3 

Renz, Allen G., 425 Sunningwell Drive, St. Louis 19, Missouri 
16A-2 

Replogle, Coy E., 3204 Central Avenue, Columbus, Indiana (A-! 

Repman, Lloyd V., 9232 Two Hundred Twenty-eighth S.W., Ed- 
monds, Washington 20M-4 

Resnik, George J., 469 Titonka, Park Forest, Illinois 25A-! 

Resnikoff, George Joseph, Illinois Institute of Technology, Tech- 
nical Center, Chicago 16, Illinois 25M-4 

Ress, Thomas E., 1671 St. Charles Avenue, Lakewood 7, Ohio 
7M-4 

Rettenmaier, William C., 5025 Maple Street, Omaha 4, Nebraska 
90A-2 

Reuss, Richard B., 1801 North West Eleventh Road, Gainesville, 
Florida 27A-2 

Reuter, Robert E., 3295 Ramona Street, Palo Alto, California 
37 A-1 

Reymers, Lewis A., 55 Magnolia Street, Westbury, Long Island, 
New York &6A-2 

Reynolds, Arthur T., Jr. 69 Wilkes Avenue, Amsterdam, New 
York (0A-3 

Reynolds, Howard W., Box 425, Uxbridge, Ontario, Canada &7A-! 

Reynolds, Louis D., 702 Endicott Avenue, Riverton, New Jersey 
31M-4 

Revnholds, Walter H., 452 Echo Road, Vestal, New York 96A-/ 

Rhea, Rodney E., 962 Osage Road, Pittsburgh 16, Pennsylvania 
3A-3 

Rheinecker, Leonard J., 1392 North Thirty-ninth Street, East St. 
Louis, J6AF-4 

Rhodes, Arthur W., 54 Holly Lane, Darien, Connecticut &2M-4 

Rhodes, Hoover, Assistant Chief Industrial Engineer, Watsontown 
Cab. Division of Phileo, Liberty, Watsontown, Pennsylvania 
89M -3 

Rhodes, Millard D, Jr. 3362 Medina, Fort Worth 15, Texas 
10M-3 

Rial, James H., Jr.. Wesleyan University Press, 1250 Fairwood 
Avenue, Columbus 16, Ohio J]M-4 

Ribble, Charles B., 4108 Marks Place, Fort Worth, Texas 

Rieci, Victor, 8712 Sundale Drive, Silver Spring, Marvland 

Rice, George L., 310 Wylie Road, Marietta, Georgia 6A-4 

Rice, Howard S., Skagit Plastics, La Conner, Washington (0A-? 

Rice, Leshe B., 138 Moss Street, Chula Vista. California 29A-/ 

Rice, Marvin G., 8201 East Virginia Avenue, Scottsdale, Arizona 
(OA-2 

Rice, Robert S., Jr.. Factory Management and Maintenance, 3.30 
West Forty-second Street, New York 36, New York 5M-¢ 

Rice, Roger J., 32 Miles Standish Drive, West Hartford, Connecti- 
eut /5A-2 

Rice, Thomas E., Manager, Manufacturing Engineering Depart- 
ment, Rockwell Manufacturing Company, Fourth and Park, 
Atchison, Kansas 92M-4 

Rich, Carroll E., 646 Thirty-fourth Avenue, North, St. Petersburg, 
Florida 91A-2 

Rich, Joseph A., Jr.. Newark College of Engineering, 367 High 
Street, Newark, New Jersey 61A-2 

Rich, Ronald E.. 140 Forest, Park Forest, Illinois 25A-/ 

Richards, A. E., Jr. 84 Milwaukee Avenue, Bethel, Connecticut 
&2A-2 

Richards, Charles H., 915 Eighth Street, Charles Citv, lowa (CA-/ 

Richards, Fred F., Jr.. 577 Highland Avenue, Boston 48, Massa- 
chusetts 30A-2 

Richards, Howard G., 9200 Southwest Seventy-first Avenue, 
Miami 56, Florida 40A-! 

Richards, John H., Jr., 589 Audubon Avenue, Pittsburgh M. Penn- 
svivania 3M-3 

Richards, Lucien M., 37 Gorham Street, Cambridge 38, Massa- 
chusetts 30M-4 

Richards, Richard J.. Douglas Aircraft Company, 3000 Ocean Park 
Boulevard, Santa Monica, California 27AF-? 

Richards, Robin D., 3840 Potomac Avenue, Los Angeles 8, Cali- 
fornia 23A-3 

Richards, William R. 3070 Somerset Drive, Macon, Georgia 
55A-1 

Richards, William S., 1374 Azalea Drive, Jacksonville 5, Florida 
27 AF -4 


10A-1 
] {A 


The Journal of Industrial Engineering 169 


Richardson, David L., Jones and Laughlin Steel Corporation, 
1. E. Department, 108.. 3 Gateway Center, Pittsburgh 30, 
Pennsvivania 

Richardson, James A. 
York 44M-4 

Richardson, Manon B., Chairman, Department of Industrial En- 
gineering, North Dakota State College, Fargo, North Dakota 
38M -4 

Richardson, Merivn E., Standard Convevor Company, 534 North 
Me Donough street, Box Decatur. (,eorgia OM -4 

Richardson, Robert B.. 1690 English, High Point, North Carolina 


185 Shirewood Drive, Rochester 10, New 


2IM-4 

Richardson, Robert E., 10330 Outlook, Overland Park. Kansas 
YIAF -4 

Richardson, Wallace J. Lehigh University, Bethlehem, Pennsyl- 
vania //M-4 

Richey, John Phillippe, 5516 North Twenty-third Street, Arlington 


5, Virginia 14M 

Richey, Walter P.. 

Richi, Ben, 259 East New Street, Lombard, Illinois 25A-] 

Richins, Leo, Box 510. Provo, Utah S50M-4 

Richman, Eugene, 1 Moriah Street, Haifa, Israel OM-3 

Richmond, Clinton Q. II, 1407 Lucille Avenue, Monroe, North 
(‘arolina 2) A-2 

Richmond, Martin, Emerson Radio and Phonograph Corporation, 
Fourteenth and Coles Streets, Jersey Citv 2, New Jersey 
5M-4 

Richmond, Thomas, 7224 West One Hundred Thirteenth Place, 
Worth, 25A-] 

Richter, Eduard C., 721 South Bradford Avenue, West Chester, 
Pennevivania */A-2 

Richter, Herbert Rov. IO South Hanlev Road, Maplewood 17, 


1417 Connally Terrace, Arlington, Texas 


Missouri J6M-/ 

Richter, Nathaniel G.. 1532 Benson Street, Bronx 61, New York 

Richter, Ralph W.. 80 -Foster Street, Whitesboro, New York 
&S5A-? 


Richter, Rollin D., 4508 West Seventy-fourth Place, Prairie Vil- 
lage 15, Kansas 92M-4 

Rickard, Ralph C., 3651 Mount Hickory Boulevard, Sharpsville, 

712 Kentucky Street, S.E., Albuquerque, New 


Pennevlvania 
Ricker. Chester J. 

Mexico SVA-/ 
Rickey, Edward A., 55 Meadow Lark Lane, Stratford, Connecticut 


SIM -4 

Rickvalsky, George, 78 Zabriskie Avenue, Bayonne, New Jersey 
61A-2 

Rickwald, Raymond CC. 520 Forum, Louisville 14, Kentucky 
I&M-3 


Ridall, Benjamin L., 23 Biltmore Street, Springfield 8, Massachu- 
setts OF M-/ 

Riddle, John B 
77 

Riddle. William 16034 Madison Street, Waynesboro, Virginia 
&1A-] 

Ridenour, Clarence O., Box 274, New Washington, Ohio OAF-3 

Rider, Stanley O., Allegheny Ludlum Steel Corporation, Olive: 
Building, Pittsburgh 22, Pennsyivania 3M -3 

Riuige. Ravmond F., 234 North DeVon, Indianapolis 19, Indiana 
65M -4 

Riefler, Donald J., 4954 Norquest Boulevard, Youngstown 9, Ohio 
24 

Riegert. Arthur J. 102 Fast Main Street, Annville, Pennsylvania 
/1A-2 

Riester, Robert L.. 5480 Fillmore, Garv. Indiana 53-3 

Rieviev, John F. 245 Bowman Drive, Xenia, Ohio 2A-? 

Riffe. Jay 1420 Virginia Street, East, Apartment 101, Charles- 
ton 1, West Virginia SAM-/ 

Rigassio, James IL... 1004-79 Street, North Bergen, New Jersey 
61A-2 

Rigby. John K. 
J&M -3 

Rigg. Harold A, 4412 Chadwick Road, Evansville 10, Indiana 
RAM 


180 Walter Havs Drive, Palo Alto, California 


2515 Alanmede Road, Louisville 5, Kentucky 
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Riggins, Donald B., 753 Brooke Circle, Morton, Pennsylvania 
31A-2 

Rigterink, John W., 18 Elm Avenue, Elizabethtown, Pennsvlvania 
95A-2 

Rile, Charles W., 325 Seneca, Park Forest, Illinois 25A-/ 

Rilev, James P., 6636 Chimineas Avenue, Reseda, California 
23A-1 

Riley. Harry H., 1847 Silverwood Drive, Concord, California 
12A-2 

Rilev, William O., 1630 Moores Mill Road, Atlanta 5, Georgia 
6A-4 

Riley, William R., 10 Hi-Vu Drive, Asheville. North Carolina 
&3A-2 

Rimsbach, John E., 803 Division Street, Yakima, Washington 
0A-1 

Rinard, John W., 218 Beverly Drive, San Antonio 1, Texas 39A-2 

Rindt, John R., 1722 Ballaway, Grand Prairie, Texas JO0A-3 

Rinehart, James R., 673 Glick Avenue, Allentown, Pennsvivania 
47 A-2 

Ring. Howard D,, 68 Sterling Street, Brooklyn 25, New York 
5A-2 

Ringham, Arthur J., 135 Lawton Road, Riverside, Illinois 25A-/ 

Ringler, Clarence L., 814 Windsor Avenue, S.W., Roanoke, Vir- 
ginia &)/M-3 

Rintala, R. B., 1788 Walnut Street, San Carlos, California 37A-/ 

Riordan, Thomas 8S., 37 Cambridge Road, Whitesboro, New York 

Ripple, James H., Mills Industrial Engineering Department, Ken- 
necott Copper Corporation, Arthur Plant, Magna. Utah S0A-2 

Riser, O. C., Jr., 121 Debra Drive, Marietta, Georgia 6A-2 

Risimini, Ralph A., 1780 Yorktown Road, Cincinnati 37, Ohio 
&VM-4, 

Rissi, William T., 500 Hillside Drive, Collinsville, Illinois J46A-2 

Ristau, Richard, Jr., 2214 Tenth Street. Peru, Illinois &0A-2 

Ristow, Edward W., Jr., 14815 East Cedar Springs Drive, Whittier, 
California 

Ritchey, James G., 416 Christopher Place, Louisville 14, Kentucky 
Ik M-3 

Ritchey, John A., Department of Industrial Engineering; Purdue 
University, West Lafavette, Indiana 

Ritchie, Frank Albert, Ford Motor Company of Canada Limited, 
120 Bloor Street, East Toronto, Ontario, Canada &7M-3 
Ritchie, Wilham, 1509 Tarlton Avenue, Cleveland 9, Ohio 7A-2 
Ritter, Gerald L., 40 F. Georgian Court, Bergenfield, New Jersey 

61A+4 
Ritter, Theodore E., 9081 Stephanie Lane, Centerville 59, Ohio 
2A-2 
Ritter Thomas L.3130 Spinning Road, Dayton 31, Ohio 2A-2 
Ritzel, Arthur R., 5446 Finkman, St. Louis 9, Missouri J6A-2 
Rivel, Avron B., 61 Laventhal Avenue, Irvington, New Jersey 
61A-2 
Riveland, Harold R., 7009 Skvline Drive, Davton 32, Ohio 2M-4 
Rivero, Renaldo, 10 Fernald Street, Concord, New Hampshire 


30A-2 

Rives, John Philip, Algoma Steel Corporation, Sault Ste. Marie, 
Ontario, Canada &7M-3 

Rivett, Kenneth H., 8008 Watkins, Clayton 5, Missouri /6A-/ 


Rix, Rov W., The Cleveland Electric Illuminating Company, PO 
Box 5000, Cleveland 1, Ohio 7A-2 

Roach, Calvin J., General Delivery, Newport Beach, California 
23A-1 

Roach, James E., Jr, 2708 Ashford Road, N.E., Atlanta 19, 
Georgia 6A-2 

Roach, Kelsie O., 1838 Huge Oaks, Houston 24, Texas 22A-/ 

Roark, Charles L. 391 Glenullen Drive, Pasadena, California 
23A-1 

Roark. Donald E., 8671 South Chicago Road, South Milwaukee, 
Wisconsin 45AF-4 

Robben, Howard J., 2039 Sundale Avenue, North College Hill, 
Cincinnati 39, Ohio A&A-2 

Robbins, Henry, United States Rubber Company, 17 Northeast 
Fourth, Washington, Indiana &&M-4 

Robbins, Kenneth H., 3459 Glencairn Road, Shaker Heights 22, 
Ohio 7M-4 


Volume Xi No. 2 


3813 MeNab Avenue, Long Beach &, Cali- 


Robbins, Lonnie 


forma 23A-/ 

Roberson, Kenneth D. 1757 West Haskell Place, Tulsa 7, Okla- 
homa J/5A-! 

Roberts, Bobby W., 4304 Bounds Road, Knoxville 18, Tennessee 
I1A-2 

Roberts, Calvin N., 344 Wendell Street, Cambridge, Massachusetts 
A-2 


Roberts, C. Kenard, Plax Corporation, P.O. Box 1019, Hartford 
Connecticut /5A-2 

Roberts, Clyde L. Jr. 2166 Brannen Road, S_E 
(,eorgia 6A-2 

Roberts, Donald A. 

Roberts. Donald Tro Avenue, 

Roberts, Edward A. Jr., 
York 

Roberts, Harold 14221 Chelsea. Detroit 13, Michigan 47 A-2 

Roberts, John F.. 4066 Kenny Road, Columbus 14. Ohno /M-# 

Roberts, John S., Hamill Road, R-R. 3, Hixson, Tennessee 54A-2 

Roberts, Leonard B. 10878 Marne, Detroit 24, Michigan 47A-2 

Roberts, Lewis B, 4450 East Admiral Place, Tulsa 15, Oklahoma 
ISAF-3 

Roberts, I, 417 Dunwody Drive. nsacola, lorida 

Roberts, Martin Braddock, 2498 Pineview Drive, Decatur, Georgia 

Robert 
dridge, Incorporated 

Roberts, Robert 


Atlanta 16, 


2001 La Vista Road, Decatur, Georgia 6A-2 
Marvland, Ti 


$10 Riverside Drive. New York 25, New 


Bell Sound Division, Thompeon Ramo Wool- 
Nlarton Road (‘olumbus Ohio 


Aladdin Industries Incorporated, 705 Mur- 
freeshoro Road Nast ville. Tenn 
Roberts. Robs rt Fences Danhburv Road 
Connecticut A2ZA-2 

Roberts, S. D. Western Electric Company, Lexington Road, 
Winston-Salem, North Carolma 2/A-2 

Roberts, Stanley E., Western Electric Company, 2525 North 
Shadeland Avenue, Indianapolis 19. Indiana 65A-2 

Roberts. S. Jav. 217 Flint Drive. Fairfield. Alabama %A-¢4 

ris. Warren Huge 903 Van Nes Street, San Antonio Texas 

Robertson, Donald B., The Ohio Art Company, Bryan, Ohio (A-I 

Robertson, D. Lind=«v, 4901 Maple Road, Minneapolis 24, Minne- 
sota 

Robertson, Jack KR, 
56A-2 

Robertson, James C 
rado 3#2A-/ 

Robertson, Hugh L 
POM 

Robeznieks, K., 13217 Ferris Avenue, Cleveland 5, Ohio 7A-2 

Robinson. Arthur M., 3702 Bavou Circle. Dickinson, Texas 22A-/] 

Robinson, (‘arl Box 1212, Houston, Th A-] 

Robinson, Chad, Procter and Gamble Manutacturing Company, 
PO. Box 2547, Sacramento 12, Calitornia 

Robinson. Frederick D.. 1230 South Avenue, Rochester 20. New 
York 4/M- 
Robinson, Herbert 

Robinson, Jack R 
formia 
Robinson. James R.. 3421 Tenth Court, S. Birmingham 12. Ala- 
bama YA-2 


ilton 


1762 Fabrique Drive, Wichita 17, Kansas 


144 North Logan Avenue Littleton, (Colo- 


274 Avenue. Chula Vista, California 


13714 South Purehe Avenue, Gardena, Cali- 


Robinson, Louie H. 1939 West Granville, Chicago 26, Ihnois 
25A-1 
Robinson. Mi irk NI Jr, Tiffany Road R R l, Norwe Massa- 


chusetts 

Robinson, Patrick J.. 15 Fraserwood Avenue, 
10, Ontario, Canada 4&7 

Robinson, Phillip E., 3107 Crosswood Drive, Nashville 14, Tennes- 

Robinson. Ronald Francis, 463 Cedar Brook Road, Lynn, Mas«a- 
chusetts 3s0A-2 

Robinson, Wilham 558 Gettvsburg Road, San Antonio 
Texas 

Robinson, William E., 3243 Briggs Avenue, Alameda, California 


Suite 2. TVoronto 
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12A-2 

Robinson, William M., Jr. 75L Franklin Apartments, Savannah, 
Ceorgia 

Robison, Raymond B., Clayton and Lambert Manufacturing Com- 
pany, 1701 Dixie Highway, Louisville 10, Kentucky (/4A-/ 

Robison, Stuart W., 536 Ninth Street, Trona, California 23M-? 

Robitaille, Paul E., 180 Potter Road, Saxonville, Massachusetts 

Roche, Frank W oodall Industries Incorporated, 7565 Fast Me- 
Nichols, Detroit 4, Michigan 47A-2 

Roche, John F., 3133 South Knoxville, Tulsa 5, Oklahoma J5A-/ 

Rochelle, Roy, Jr, 1725 Lake Avenue, Knoxville 16, Tennessee 

Rockafellow, Russell Stanley, 7 Windmill Drive, Sudburv, Massa- 
chusetts 30M-4 

Rockar, Tibor, 98 East Shasta Street, Chula Vista, California 


29A-I 

Rockett, Edwin 8. Jr, 14 Griffin Drive, Apalachin, New York 
96A-I 

Rockhold, Frederick W., Jr. 19370 Dresden Drive, South Bend 17, 


Indiana 4/7A-2 

Rockwe i Thomas H . 395 South Selby Boulevard, W orthington, 
Ohio JA-2 

Rockwell, Wayne C., 1878 Langdon Farm Road, Apartment 2, 
(inemnati 37, Ohio &A-2 

Rockwell, W. F.. Jr. Rockwell Manufacturing Company, 400 
North Lexington, Pittsburgh &, Pennsvivania 4-3 

Rode, Anthony F., 63 Cirele Drive, Hicksville, Long Island, New 
York 5A-2 

Rode, John A.. 2920 Southwest Sixtieth Court, Miami 55. Florida 
1OAF-3 

Rodehorst. Robert L. Methods Engineer, Dale Products Incor- 
porated, Box 136, Columbus, Nebraska (OAF-3 

Rodella, William, 141 Strosechein Road, Monroeville, Pennsylvania 


Rodgers, James G., 2340 Hiwassee Drive, Kingsport, Tennessee 
17 A-I 

Rodgick, Charles 2429 Reel Street, Harrisburg, Pennsvivania 
95 A-2 


Rodriguez, Pedro M.. Zamboanga City, Philippine Islands (@A-/ 

Roebuck. John P.. Florida Prestressed Concrets Company, 
PO. Box 11476, Tampa 10, Florida 9%/A-2 

Roeder, Frederick W., 38 Ferndale Avenue. Glen Rock, New 
Jersey 61A-2 

Roeloffs«, Robert, 82 Lakeside Road, Mahopas, New York 76A-2 

Roessle, Rudolph B., Jr. 1448 North Edgewater Road, Charleston, 
South Carolina 26M -3 

Roessler, Frederick M.. 530 Palm Avenue, Fresno, California 


Rogers, Bruce L. 409 Wilson Avenue, Washington, Pennevivania 
3M~3 

Rogers, Charles C.. Jr, 102 E. Street, Forest Park, Georgia 
6A-2 


Rogers, Herbert E.. P.O. Box 957, Louieville 1, Kentucky J&A-3 

Rogers, John B., 13201 Laguna, Houston 15, Texas 22M-4 

Rogers, John J. 2112 North Grand Oaks, Altadena, California 
23M 

Rogers, John M.. R.D. 2, Rt. 209, Ellenville, New York /6A-2 

Rogers, Larry G., Canadian Cottons Limited, Cornwall, Ontario, 
Canada 

Rogers. Millard, 7 
20A-2 

Rogers, N. K., Jefferson House, Apartment 7-B. 575 Main Street, 
Chatham, New Jersey 6/A-2 

Rohr. Robert J.. Industrial Engineering Division, Building #56— 
Fourth Floor, Eastman Kodak Company, Kodak Park, Roch- 
eater 4. New York si M-4 

Ronald, E. Arno, 248 East Sixty-eighth Street, New York 21, New 
York 5A-2 

Roller, Edgar W., Apartment 11, 5453 Youngridge Drive, Pitts- 
burgh 36, Pennsvivania 3A-/ 

Rolon, Javier, 2210 Cheshire Lane, Houston 18, Texas 22A-/ 

Roman, George S., Cereuit Drive, Rowley, Massachusetts 30A-/ 

Roman, Joseph A , 1654 Eleventh Street, Cuyahoga Falls, Ohio 


$24.2 


25 Fourteenth, North, Seattle 2, Washington 
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Romano, Edward F ., Industrial Engineer, American Metal Products 
Incorpprated, 2100 Paxton, Harrisburg, Pennsylvania 95M-4 

Romasko, David D., 3461 Pruneridge Avenue, Santa Clara, Cali- 
fornia 3/A-] 

Romberg, Manfred C.. Advance Transformer Company, 2950 
North Western, Chicago 18, Illinois 25M-4 

Romeo. Albert. 154 South Brinker Avenue, Columbus 4, Ohio 


M-4 


Romer, Harold R. 117 Bryn Mawr Place, R.R. 4, Syracuse 7, 
New York /3A-2 

Romine, John R., 520 Cattell Street, Middletown, Pennsylvania 
95M -4 

Ronning. Albert J.. 26017 Indian Peak Road, Rolling Hills, Cali- 
forma 

Roof, William E., 905 South Lafayette Street, Florissant, Missouri 
16M 4 

Rooker, Marvin R., 900 Jessie Street, Ahoskie, North Carolina 
0A-] 

Roork, Arrol G. 4154 Southeast Seventy-ninth Avenue, Port- 


land 10, Oregon 

Root, George F.. 625 Alpine, Boulder, Colorado 32M-3 

Root, James G., 340 West Lane Avenue, Apartment A, Columbus, 
(hw 

Roper, Fred J.. 401 South Eighteenth Street, Allentown, Pennsy!- 
vania //M-4 

Roper, John E., 9 Fairview Avenue, Galeton, Pennsylvania (0A-/ 

Roper, Thomas, 8812 West Eighty-ninth, Overland Park, Kansas 
97 A? 

Rorstad, Alf J 
OM 

Rose, Charles F.. 211 South President Avenue, Lancaster, Penn- 

7IM-4 

6140 West Suburban Drive, Miami 56, Florida 


15016 Southeast Fiftv-first, Bellevue, Washington 


evivania 
Rose, James O,, Jr., 
10 
Rose, Lewis E.. 755 Linda, Hobart, Indiana 53M-; 
Rose, Lowell L., 4742 South Newton Street, Littleton, Colorado 


22A-3 

Rose, Orville E. Jr. 1009 Teresa Street, West Covina, California 
23 A-] 

Rose. Rolland HH. 664 West Emerson Street, Seattle 99, Wash- 
ington 2J0AF-3 

Rosenberg, Carl =. 24 Leonard Road, Sharon, Massachusetts 

Rosenberg, Harry Jr. 1060 Atkinson Avenue, Fort Lauderdale, 
Florida 40M-3 

Rosenberg. Malcolm, 5 Senders Court, Hvde Park 36, Massachu- 
eettse 


Rosenberg, Morton, 123 Lakewood Road, Toms River, New Jersev 

Roeeencranz. Albert C.. 750 South Bocke Road, Evansville 14. In- 
diana 

Rosenfelder, Gerald 8S. 369 Grover Cleveland Highway. Eggerts- 
ville 26, New York 49M-3 

Rosenfeldt, Martin E.. Apartado 1387, Monterrev, Mexico 39A-2 

Rosenfelt 15 South Watson Street, Easton, Penn- 
evivania 

Rosenga. Albert J. 
IP AP 

Rasner, Charles W., 148 Stockton Road, Brvn Mawr, Pennsvivania 

Ross, A. Robert, c/o American Hair and Felt Company, 944 North 
ort v-sixth Street Milwaukee A. Wisconsin 45AF -4 

Ross, Arthur S.. 333 Felix Road, Huntingdon Valley, Pennsylvania 
31A-2 

Rosse, Donald Lee, 1705 Saxton, Houston 18, Texas 22A-/ 

Ross. James D.. 330 North Gore, Webster Groves 19. Missouri 
J6A-2 

Ross, James R., 1214 Crestover Road, Grayivn Crest, Wilmington 
3, Delaware 

Ross, John G., Jr. 3227 Kimball Avenue, Toledo 10, Ohio 36A-2 

Ross, John L.. 716 Fulton Avenue, Rochester, Indiana (0A-/ 

Rosse, John M.. 1502 Caywood, Houston 24, Texas 22A-/ 

Rose, John (Jack) N., 2061 Twenty-fifth Street, Cuvahoga Falls, 
Ohio S52A-2 

Ross, Philip C.. 72 Herthum Road, Whitesboro, New York &5M-4 

Ross, Sidney J. Packard-Bell Electronics, 12333 West Olympic 


Lawrence 
77M-4 
Jr. 1708 Hays Street, San Leandro, California 
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Boulevard, Los Angeles 64, California 23A-1 

Ross, Walter L., Star Route South, Ligonier, Pennsylvania 3M-3 

Ross, William B., 209 East Denison, Davenport, Iowa 46A-2 

Rosscup, Donald F., 171 Glendora, Long Beach 3, California 
23A-1 

Rosse, John J., 505 Bainbridge Street, Brooklyn 33, New York 
86A-2 

Rosser, John E., Jr., Supervisor, Engineering Work Measurement, 
Cleveland Electric Illuminating Company, 55 Public Square, 
Cleveland, Ohio /A-2 

Rossi, Rinaldo D., Copperweld Steel Company, Box 1000, Glass- 
port, Pennsylvania 3M-3 

Rossip, Aifred B., 83-40 Austin Street, Kew Gardens 15, New York 
5A-4 

Rossitto, Vincent, 69 Mildrum Road, Berlin, Connecticut 75A-¢ 

Rosso, James A., McAlester Oil Mill Company, Fourteenth and 
Washington, Box 275, McAlester, Oklahoma 57M-4 

Rota, Gino L., Arica 641, Miraflores, Lima, Peru 0A-/ 

Roth, Bernard N., 1080 Adrienne Drive, North Bellmore, Long 
Island, New York &8&6M-4 

Roth, Charles J., 2526 Kellerman Avenue, Cincinnati 13, Ohio 
&M-4 

Roth, Edwin R., Norton Air Force Base, DIR/MTN Engineer, 
Industrial Engineering Branch (MEJ), San Bernardino, Cali- 
fornia /7&A-2 

Roth, Eric, 4179 Moraga Avenue, San Diego 17, California 29A-? 

Roth, Eugene, 17008 Invermere Avenue, Cleveland 28, Ohio 7A-2 

Roth, Jerome H., 1544 Section Street, Plainfield, Indiana 65AF-/ 

Roth, Martin, Waterbury Garment Corporation, 215 Cherry 
Street, Waterbury, Connecticut 97AF-4 

Rothfeld, Paul, 49 Lyndon Road, Sharon, Massachusetts 30A-2 

Rothschild, Jack, 552 Waterview Road, Oceanside, Long Island, 
New York 5M-# 

Rothwell, John J.. 94 North Lakeside Drive, Birchwood Lakes, 
Medford, New Jersey  31A-2 

Rotolo, Elio, Manager of Industria] Engineering, 140 Thomas 
Street, Conmar Products Corporation, Newark, New Jersey 
61M-4 

Rotterman, David E., 800 Northwestern Avenue, Lafayette, In- 
diana 35A-2 

Rottler, Fred O, 1140 Hallwood Drive, Florissant, Missouri 
16AF-4 

Roughton, Connell, 8567 South Essen Heights Court, 
Rouge, Louisiana 4/A-/] 

Rountree, Charles W., Island Creek Coal Company, Holden, West 
Virginia 58&M-4 

Rouse, J. T.. Room 0127, Main Navy Building, Seventeenth and 
Constitution Avenue, N.W.. Washington 25, DC. 1]4M-4 

Row, Harry Box 165, Baton Rouge 1. Louisiana 4/A-/ 

Rowane, John P. J.. Morganite Incorporated, 33-2 Forty-eighth 
Avenue, Long Island City 1, New York &6A-2 
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Stover, Clyde, 1140 Front Street, Apartment F6, Uniondale, Long 
Island, New York &6A-2 


Richard, 1565. Stanton Street, York, Pennsvivania 


6915 Kimberly Court, Joanne Hills, Peoria, 


Stover, G 
2A-2 

Stowbridge, Richard A., Brookside Park, New City, New York 

Stowe, Alexander C., 17 Valley Hill Drive, Worcester, Massachu- 
setts 68A-2 

Stovanoff, Robert, 818 Arlington Towers, Arlington, Virginia 
14M-4 

Stradley, Lee 
39 A-2 

Strain, Richard C., 24330 Glenforest Road, Euclid 23, Ohio 7A-2 

Strain. Robert M.. 2411 South Inge Street, Arlington 2, Virgimia 
14A-2 

Strandberg, Russell R.. 3691 Oneida, Denver 7, Colorado 32A-/ 

Strange, Everett W., Jr.. Western Electric Company, Incorporated, 
233 Broadway. Room 502, New York, New York S5A-2 

Strange, Robert A.. Jr, 59 Cameo Road, Levittown, Pennsvivania 
77M-4 

Strasburger, Frank J.. 1736 Canary Cove, 
ments, Brentwood 17, Missours /J6A-2 

Stratman, James E., 3909 Upper Mount Vernon Road, Evansville 
12, Indiana A&SAF-4 

Straus, Herman A, PO 
68 M-3 

Strausbaugh, Lowell G.. 1042 Eleanor, Toledo 12, Ohio 36M-4 

Strauss, Philipp, 89-26 Two Hundred Ninth Street, Queens Village, 
New York. New York 5A-2 

Strawn, James D., 5300 Green Tree Road, Houston, Texas 22A-/ 

Strecker, John E., Director of Industrial Engineering, American 
Bridge Division of USS. 525 William Penn Place, Pitts- 
burgh 30, Pennsyivanmia 

Streett, James 17 Wvydown Terrace, 
16A-2 

Streit, Peter L.. Apartment 2, 518 Virginia Avenue, Towson 4, 
Maryland 42A-2 

Streuter, William O., Carter Carburetor Division of A. C. F., 2840 
North Spring Avenue, St. Louis 7, Missour: /6A-2 

Stricker, Fred L.. 12 Byron, Springfield 7, Massachusetts 9/A-2 

Strickland, John B. 124 East Forty-eighth Street, Savannah, 
Georgia 26A-! 

Strickland, Lynn, Jr. 3750 Jackson Boulevard, Birmingham 9%, 
Alabama 9%A-2 

Strickler, Wayne L., Schlumberger Well Survey Corporation, 5000 
Gulf Freeway, Houston, Texas 22AF-3 

Stringfellow, William A., 965 Lila Street, Bartow, Florida 9/A-2 

Stroh. Osear H. R.D. 1, Box 288, Linglestown, Pennsylvania 
95A-2 

Strohm, Paul E., 820 Annabelle Road, Vestal, New York 96A-/ 


2638 Waverly Avenue, San Antonio, Texas 


Audubon Park Apart- 


Box 285, Southbridge, Massachusetts 


Clayton 5, Missouri 


March—April, 1960 


Strommenger, Charles, c/o Serge A. Birn Company, 1049 Bards- 
town Road, Louisville 4, Kentucky J8A-1 

Stromsoe, William R., 1810 Perry Avenue, Wilmington, North 
Carolina 

Strong, Frank P., Jr. 92 South Street, Pittsford, New York 
44A-2 

Strong, James E., 5020 West Berenice, Chicago 4, Illinois 25A-/ 

Stroud, George H., 1302 Wilroy Road, Suffolk, Virginia 99A-¢ 

Stroup, Wilham R., 611 South Temple Avenue, Indianapolis 3, 
Indiana 65A-2 

Strub, Thomas L., Quaker Oats Company, 617 West Main Street, 
Barrington, Illinois 25A-] 

Struble, Rex D., 538 East Amber Place, San Antonio 21, Texas 
39A-2 

Stuart, Alvin W., 3825 Southeast Twenty-fifth Street, Oklahoma 
City 15, Oklahoma 57A-4 

Stuart, Ned R., Jr., 111 East Mountain Street, Kernersville, North 
Carolina 21/A-2 

Stuckey, Jack R., Box 77, York New Salem, Pennsylvania 72AF-4 

Studner, Peter K.. Box 2, Glen Oaks Branch, Floral Park, Long 
Island, New York 5M-4 

Studnicki, Raymond P., 602 Powell Street, Streator, Illinois &0A-2 

Stump, Harry B., 1033 Orchard, Charleston 2, West Virginia 
58M-4 

Stupack, Michael, 98 Elmendorf Street, Kingston, New York 
76A-2 

Stupak, Ralph J.. Decotone Product Division, 193 Kimball, Fitch- 
burg, Massachusetts 6&A-2 

Sturm, Henry H., | George Street, Trotwood, Ohio 2A-2 

Sturms, Herschel T., Jr., 312 Davis Street, Huntington, West Vir- 
ginia S5&A-2 

Styche, Earl R., 230 South Cherry Street, Granville, Ohio 1M-4 

Stymfal, Peter A.. 207 Temple Road, Waltham, Massachusetts 


30A-4 

Styskel, Edward F., 2525 San Carolis Drive, Walnut Creek, Calli- 
fornia 12A-4 

Sublett, Jack R., 1805 Truman, N.E., Albuquerque, New Mexico 
59M-3 


Suchoversky, lhor E., Works Industrial Engineer, Aluminum Com- 
pany of Canada, Kingston Works, P.O. Box 136, Kingston. 
Ontario, Canada O0M-3 

Sugar, Carl, 7609 Woodside Drive, Stockton, California 43A-2 

Sugg. Peter W., 116-31 Union Turnpike, Forest Hille 75, New 
York 5A-2 

Sugg, William 8., 550 East Fifth Street Lane, Apartment B, Bar- 

berton, Ohio 52A-2 

Sugrue, John J., 64 Vermilyea Avenue, New York M, New York 
5A-2 

Suits, William D., 154 Plain Drive, East Hartford, Connecticut 
75A-2 

Sullens, Warren W., USS Hornet, CVS 12, c/o FPO, San Francisco, 
California J2A-2 

Sullivan, Arthur J. F.. 3 Greenwood Road, Arlington, Massachu- 
setts 30M-4 

Sullivan, Donald J., 150 Magnolia Street, Whitaker, Pennsylvania 

Sullivan, Donald N., 8685 West Bayaud Avenue, Lakewood 15, 
Colorado 32A-! 

Sullivan, Dorothy, 7558 Parkdale, Clayton 5, Missouri J6A-2 

Sullivan, Francis John, 26 Teragram Street, East Boston 238, 
Massachusetts 30A-2 

Sullivan, Gerald F., Olin Mathieson Chemical Corporation, 275 
Winchester Avenue, New Haven, Connecticut 97A-2 

Sullivan, Norman F., 3193 F South Barrington Avenue, Los 
Angeles 66, California 23A-! 

Sullivan, Paul J.. The Parker and Harper Manufacturing Com- 
pany, Incorporated, 119 Dewey Street, Worcester 10, Massa- 
chusetts 68&A-2 

Sullivan, Stewart M., Jr., 700 Progress Street, Blacksburg. Virginia 
81A-1 

Sullivan, Theodore R., 708 Montrose Avenue, Kenmore 23, New 
York 49A-l 

Sullivan, Thomas C., 3744 Mount Almagosa Place, San Diego 11, 
California 29M-3 

Summers, Donald R., Box 350B, R.R. 1, Colona, Illinois 46A-2 
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Sump. Lloyd E., 2300 Grafton Road, RFD 1, Grafton, Ohio 
7M-4 

Sumpter, James L., Jr. Eastman Kodak Company, 1017 North 
Las Palmas, Los Angeles 38. California 23A-/ 

Sundell, Donald A. 117 Kimberlin Heights Drive, Oakland 19, 
California J2A-4 

Sunderman, Karl, Time Study Observer, Sedgrave Corporation, 
2000 South High Street, Columbus 7, Ohio JA-2 

Sundstrom, James E.. 38 Rye Road, Rochester 15, New York 
44M-4 

Surber, Charles A.. Chevrolet-Indianapolis, 340 White River Park- 
way West Drive, 8.. Indianapolis 6, Indiana 65A-2 

Surmacz, Joseph G., 1633 North Sixty-ninth Street, Milwaukee 13, 
Wisconsin 45M-/ 

Sussman, Jerome R.. 1600 Mamaroneck Avenue, Mamaroneck, 
New York 5A-2 

Sustare, George A.. Time Study Analyst, Newport News and Ship- 
building and Dry Dock Company, Newport News, Virginia 
99 A-? 

Suszyngki, Nicholas J., Jr, 10206 Nicollet Avenue, Minneapolis 20, 
Minnesota 3SA-2 

Suter, Daniel E.. 570 Thomas Avenue, Rochester 17, New York 
44M-4 

Suthern, Lewis C.. RFD 1, Box 243, Windsor Locks, Connecticut 
75A-2 

Suttle, Otis C., Jr. P.O. Box 307, Elkin, North Carolina 21A-4 

Sutton, Homer M., Jr.. 14700 Harvard Avenue, Chicago 27, Illinois 
25A-1 

Sutton, Robert M.. 747 Harding Street, Westfield, New Jersey 
5M-4 

Svedeman, Sumner E., 45 Lawrence Road, Milton, Massachusetts 
30A-2 

Swager, Warren M.. 194 North. Forest Road, Williamsville 21, 
New York 49M-3 

Swalm, R. O., Department of Industrial Engineering, Svracuse Uni- 
versity, Syracuse 10, New York 13M-4 

Swan, Robert J., Brookings, Oregon (0A-/ 

Swaner, Jerry 414 Circle Drive, Arlington, Texas J0A-1 

Swanson, Eldon A. 514 South Park Drive, Chesterton, Indiana 
53M-3 

Swanson, Glenn W., 6321 Thomas Avenue, 8, Minneapolis 23, 
Minnesota 3&A-2 

Swanson, James H. 2368 Victory Parkway, Cincinnati 6, Ohio 
8A-2 

Swanson, Pete L.. 44 Ardenwood Way, San Francisco, California 
12A-2 

Swapp, Richard G., 348 Beta Street #7, Salt Lake City 2, Utah 

Swarbrick, John B. 44 Wells Avenue, Yonkers 1, New York 
SAF -4 

Swart, James K., 3118 Mayfield Road, Silver Lake Village, Stow, 
Ohio S52A-2 

Swartz, William P., 1341 Sewell Lane, SW, Roanoke, Virginia 
81A-] 

Sweatman, Milton R.. The Duplan Corporation, 105 Akron Drive, 
Winston-Salem, North Carolina 2/]A-2 

Sweeney, James, 422 Monroe, N.E.. Albuquerque, New Mexico 
594-1 

Sweeney, James W., Tulane University, School of Business Ad- 
ministration, New Orleans 18, Loumwiana 74M-4 

Sweeney, Matthew J.. 2559 Bolevard, Jersey City, New Jersey 
61M+4 

Sweeney, 
30A-2 

Sweeney, Richard J, 195 Wilton Road, Westport, Connecticut 
5M+4 

Sweers, John F., P. H. Glatfelter Company, Main Street, Spring 
Grove, Pennsylvania 72M-4 

Sweet, Leopold, 19 North Stockdale Street, Du Bois, Pennsy]l- 
vania OA-/ 

Sweet, Philip H. Diamond Chain Company, Incorporated, 402 
Kentucky Avenue, Indianapolis 7, Indiana 65M-4 

Sweitzer. Leslie M., 121 Morningside Avenue, Vallejo, California 
2A-2 


Swenson, H. Raymond, 1065 Birchdale Drive, Elgin, Illinois 


Richard, 14 Western Avenue, Lynn, Massachusetts 


25M-4 

Swenson, Robin J., Box 156, Loudon, Tennessee 1/A-2 

Swetting, J. Rodney, Norris and Elliott, Incorporated, 85 East 
Gay Street, Columbus 15, Ohio 1M-4 

Swieda, Ernest P.. 17 Miller Road, Farmingdale, New York 
SOA-2 

Swift, Harold L., 808 North Tenth Avenue, Upland, California 
23 

Swift, John E., Industrial Engineer, Thompson Ramo Wooldridge 
Incorporated, 23555 Euclid Avenue, Cleveland 17, Ohio 7A-2 

Swift, Robert O., Fox Squirrel Ridge Road, Pickens, South Caro- 
lina 

Swigart, Ralph G., 924 Sixth Place, S.W., Birmingham, Alabama 
OM -4 

Swim, Jack G., 3305 Twenty-fifth Street, Rock Island, Illinois 
46A-2 

Switzer, W. DD, 10261 Baltimore Avenue, St. Ann, Missouri 
16A-2 

Swortchek, John J., 13445 Courtland Avenue, Cleveland 9, Ohio 
7 AF +4 

Svivester, Joseph A., 166 Bell Avenue, Lodi, New Jersey 61M-/ 

Synan, John P., Industrial Engineer, Thompson Ramo Wooldridge, 
23555 Euclid Avenue, Cleveland 17, Ohio 7AF-4 


Taarup, George T.. American Saw and Tool Company, 510 East 
Main Street, Louisville 2, Kentucky JS&A-]! 

Tabbert, LeRoy E., 1409 Olive Drive, Sioux Falls, South Dakota 

Tabern, Jerry, Supervisor, Materials and Methods Economy, Con- 
tinental Can Company, Incorporated, 7622 South Racine Ave- 
nue, Chicago 20, Illinois 25M-4 

Tabor, C. Dwight, Jr.. Cordele, Georgia OA-/ 

Tabor, Parker A., 1817 Lansing Road, Glen Burnie, Maryland 
42A-2 

Tabor, Thomas C., 612 Waterman Street, Marietta, Georgia 6A-2 

Tack, William L.. 127 Shade Street, Lexington, Massachusetts 
30A-2 

Tadewald, Harvey J., 2330 Thirty-first Street A.. Moline, Illinois 
16M -4 

Tagg, Jerome, 3127 Roe Drive, Houston 17, Texas 22M-/ 

Takeda, Walter M.. 323 “J” Street, Sacramento 14, California 
43A-2 

Talbott, John C., 190 Edna Street, Poland, Ohio 24M-3 

Talbott, Lawrence F., 4379 Johanna Avenue, Lakewood, California 
23M-4 

Tall, Alvan J., Personnel Director, Foster Grant Company, 289 
North Main, Leominster, Massachusetts. ?0A-2 

Talley, Dayton E., 1329 Post Street, Kingsport, Tennessee 17A-3 

Tallman, Charles E., Apartment 217, The Kenilworth, Alden Park, 
Philadelphia 44, Pennsylvania 3/A-2 

Tam, Robert J., Brown Rubber Company, Union and Concord 
Road, Lafayette, Indiana 35A-2 

Tanner, John P., 7116 Flanders Way, Orlando, Florida 9%/A-2 

Tanner, Thurmond, 307 East Ridgewood Drive, Midwest City 10, 
Oklahoma 57AF-4 

Tarrants, William E., 90-29 One Hundred Seventieth Street, Ja- 
maica 32, New York &8&6M-4 

Tata, Richard J.. Woodford Avenue, Plainville, Connecticut 
75A-2 

Tatham, Raymond, Jr. 2632 Mt. Holyoke Drive, Columbus 21, 
Ohio JA-4 

Taube, Thaddeus N., 1311 Parrott Drive, San Mateo, California 
37 A-1 

Tauber, Alfred S., National Cash Register, 1401 East El Segundo 
Boulevard, Hawthorne, California 23M-4 

Tauber, George R., 6725 South Crandon, Chicago 49, Illinois 
25A-1 

Taurman, Eugene, B. F. McDonald Company, 5721 West Ninety- 
sixth Street, Los Angeles 54, California 23A-/ 

Tausche, Paul F., 9 Frelma Drive, Long Hill, Connecticut &2M-¢ 

Tavrow, Hillard P., 89 Alaimo Drive, Rochester 10, New York 
44M+4 

Taylor, Arnold G., Whirlpool Corporation, US. 41, N., Evansville, 
Indiana &&A-2 

Taylor, Arnold J., 5824 Elmer, Pittsburgh 32, Pennsylvania 3A-/ 
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Taylor, Bernard H., Jr., 1501 West Thomas Street, Rocky Moynt, 
North Carolina 66A-] 
Taylor, Dabney 8., Jr.. Route 3, Box 0B, Anchorage, Kentucky 

18A-3 
Taylor, Daniel R., 3325 Ogalala, San Diego 17, California 29M-3 
Taylor, Darrell G., 1771 Dianne Avenue, Evansville 15, Indiana 
&8A-2 
Taylor, Donald C., Dublin Street, Marcellus, New York J3A-2 
Taylor, Floyd D., Jr. IBM Corporation, North Street, Endicott, 
New York 96M-3 
Taylor, Frank E., Jr, 523 Cragmont Avenue, Berkeley 8, Cali- 


fornia 12M-4 

Tavlor, Frederic L.. 4517 Creekview Drive, Middletown, Ohio 
&M-4 

Taylor, George A., 2 Occom Ridge, Hanover, New Hampshire 
63 M-3 


Taylor, Harold L., 5020 East Blake, Wichita 18, Kansas 56M-4 


Taylor, Jack W., 514 South York Street, Gastonia, North Carolina ° 


&3M-4 

Taylor, John, 1030 Manor Drive. Wilmette, Illinois 25M-4 

Taylor, John E., Jr. 3293 Seventh Street, Cuyahoga Falls, Ohio 
52A-2 

Taylor, Lawrence R., c/o Ludlow Manufacturing and Sales Com- 
pany, Indianola, Mississippi 

Taylor, Lucian W., 675 Arrowood Court, Los Altos, California 
37 Ad 

Taylor, Murry D., 
4 

Tavlor, Norman A. 
Carolina 21]A-2 

Taylor, Norris E., 128 Holland Street, Thomasville, Georgia OA-] 

Taylor, Odis S., 4000 Littledale Court, Mobile, Alabama 79AF-4 

Taylor, Raymond T., 303 Tilden Drive, Pasadena, Texas 22A-3 

Taylor, Richard, 16240 Greenwood Lane, Los Gatos, California 
37 A-1 

Taylor, Robert F., 308 West Washington Street, Chicago 6, Illinois 
25M-4 

Taylor, Robert M., 1528 Belle Avenue, Lakewood 7, Ohio 7M-4 

Taylor, Roland A., 2181 Tanglewood Road, Decatur, Georgia 
6M-4 

Taylor, William H., Jr. 1001 Robin Road, Silver Spring, Marvland 
14AF-4 

Tavior, William R., Jr, 4417 Hummingbird, Houston 35, Texas 
22 

Taylor, William W., 1614 North Dixon Circle, Cineimnati 24, Ohio 
&M-4 

Teapole, Donald L., 1828 Kreiser Street, S_E., 
Michigan 70M-4 

Teaque, Billy K., 1 Central Boulevard, Wilmington, North Caro- 
lina 

Teasley, Ernest, McArthur Drive, Manchester, Tennessee 64A-/ 

Teate, Guy J.. 6530 Bridgewood Vallev Road, N.E., Atlanta 5. 
(jeorgia OM-4 

Tecklin, Albert, 1261 Pennsylvania, University City 14, Missouri 
16A-2 

Tedeschi, David H., 836 Fast Drive, Apartment 4, Oklahoma 
Citv 5, Oklahoma 57A-2 

Teetsell, Robert I, 3186 A. Brookwood Apartments, Macon, Geor- 
gia S5A-] 

Tegner, Arvid Y., Hewitt-Robins, Incorporated, 240 Kensington 
Avenue, Buffalo 5, New York 49A-/ 

Teisher, Simeon D.. 3163 Forty-fourth Place, Sandia Base, Albu- 
queque, New Mexiwo S59M-s 

Teitelbaum, Damiel, 4412 Alan Drive, Baltimore 2, Marvland 

Tellin, Thomas W., 632 Glick Street, 
47 A-2 

Teltscher, Eric, 4817 Broken Bow Lane, Rolling Hills Estates, 
California 23A-] 

Temple, Richard K.,, 910 Hill Avenue, Owensboro, Kentucky 


1710 North Chautauqua, Wichita 14, Kansas 


721 Magnolia Street, Winston-Salem, North 


Grand Rapids, 


Allentown, Pennsvivania 


&8A-2 

Templeton, David P., Jr. Al Edgewood, Kingsport, Tennessee 
17 A-3 

Templeton, Robert P., 7359 Arnim Street, Houston 17, Texas 
22A-3 


March—April, 1960 


Tendick, Floyd W., 412 Lee Drive, Pittsburgh 35, Pennsylvania 
3M-3 

Tenhunen, Uno F., 801 Fitzhugh, Midland, Michigan 98M-4 

Tennant, Robert D., 601 Westacres, Pueblo, Colorado 32M-3 

Terr, Joseph, 2457 Derbyshire Road, Cleveland Heights 6, Ohio 
7M4 

Terrell, Marvin P., Instructor Industrial Engineering, College of 
Engineering, University of Arkansas, Fayetteville, Arkansas 
84A-] 

Terrell, Oliney B., 1662 Belmont Street, Toledo 7, Ohio 36A-2 

Tesh, John O., 20 Post Oak Place, Rockdale, Texas O0M-3 

Tetmever, Donald C., 541 Willis Avenue, Youngstown, Ohio 
24A-1 

Tetrev, Jerry P., 5304 North Seventh Avenue, Phoenix, Arizona 
70A-2 

Tetrick, Ingle O., Mead, Johnson and Company, 2404 Pennsyl- 
vania Street, Evansville 21, Indiana &8AF-4 

Tettelbach, William Roy, 1791 Harden Road, S.W., Atlanta 15, 
Georgia 6A-2 

Tetzlaff, Arthur W., 47 Rockland Place, New Rochelle, New York 
61A-2 

Tha, Maung Kyaw, c/o Daw Khin Khin, 164/4 Yankin myo, 
Kanbe, Rangoon, Burma (@A-/ 

Thacher, Burnell Louis, 2257 Calhoun Way, Stockton 4, California 
12?M-4 

Thal, George M., 441 Jackson, Denver 6, Colorado 32A-! 

Thakur, B. K., G. 8S. Office, TISCO, Jamshedpur 1, India 4A-S 

Thal, Norman R., Jr. 2718 Barrington Drive, Toledo 6, Ohio 
36A-2 

Tharp, Jackson J.. Hudson Pulp and Paper Corporation, Palatka, 
Florida 27A-2 

Tharp, Tillman C., R.D. 1, Grafton, Ohio 7M-4 

Thatcher, Richard W., 404 Chestnut Hill. Athol. Massachusetts 
68A-2 

Thaver, Sanford B., 124 Twelfth Street, Edwards, California (A-! 

Theillon, John J., 94 Ryders Lane, East Brunswick, New Jersey 
5A-2 

Thelwell, Raphael R. R.R. 2, Box 262, Davenport, Iowa 46A-2 

Thiagarajan, G.. Industrial Engineering Department, TISCO, 
Jamshedpur 1, India 4M-S 

Thiele, Ernst E., 8874 Picovista Road, Rivera, California 23A-! 

Thielmann, Car! F.. Methods Engineer, The Toledo Hospital, 2142 
North Cove Boulevard, Toledo 6, Ohio 36A-2 

Thoben, Edward M., Jr.. American Standard, 1541 South Seventh 
Street, Louisville Kentucky J&M-3 

Thoma, Edwin C., Goodvear Aircraft Corporation, Litchfield Park, 
Arizona 70M-4 

Thoma, Joseph J., 414 Carolyn Drive, Marion, Ohio J1A-2 

Thoman, John L., Jones and Laughlin Steel Corporation, Box 4606, 
Stainless and Strip Division, Detroit 44. Michigan 47M-4 

Thomas, Albert J. 1750 South Krameria, Denver 22, Colorado 
32 AF -3 

Thomas, Allan H., 1126 Owenwood Drive, Irving, Texas J0A-! 

Thomas, Benjamin J., 1244 Carlisle Avenue, Macon, Georgia 
55M-3 

Thomas, Bruce A., 82nd Aviation Company, 82nd Airbourne Di- 
vision, Fort Bragg, North Carolina 68A-] 

Thomas, Charles S., 2671 Welsford Road, Columbus 21, Ohio 


1M-4 

Thomas, Donald C., 1418 South Carolina, Tulsa 19, Oklahoma 

Thomas, Donald E., 31 Wolf Road, Croton-on-Hudson, New York 
5A-2 


Thomas, Edward J., Jr.. President, Thomas and Associates Incor- 
porated, 234 Arlington Drive, Metairie, Louisiana 74M-4 
Thomas, Francis B., 200 Susan Lewis Drive, Erlanger, Kentucky 
&M-4 

Thomas, Frederick H., College of E-ngineering, University of Buf- 
falo, Buffalo 14, New York #°.f-3 

Thomas, George D., P.O. Box 35, Agana. Guam (0AF-3 

Thomas, Jack V., Route 3, Box 358, Wilmingt« 1, North Caro- 

lina OM-3 

Thomas, James E., Route 3, Box 22, High Point, North Carolina 

21A-2 
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Thomas, Kenneth F., District Engineers, 998 Farmington Avenue, 
West Hartford, Connecticut 75M-4 

Thomas, Leon M., International Nickel Company, Incorporated, 
Riverside Drive, Huntington 1, West Virginia 58M-4 

Thomas, Milton G., 421 South Saltair Avenue, Los Angeles 49, 
California 23M-4 

Thomas, Paul B. Westinghouse Electric, 3 Gateway Center, 
Pittsburgh, Pennsylvania 3M-3 

Thomas, Svdney, F., 625 Market Street, San Francisco 5, Cali- 
forma J2M-4 

Thomas, Sidney J., 3740 Clinton Road, Paducah, Kentucky 34A-3 

Thomas, Walter C., Jr.. P.O. Box 863, Sanford, North Carolina 
66A-1 

Thomer, William F., 2239 Brighton Street, Philadelphia 49, Penn- 
svivania 3]A-2 

Thometz, Theodore G., 413 Riggins Street, Monterey Park, Cali- 
fornia 23A-] 

Thompson, Charles W., 1512 Longfellow Street, Hyattsville, Mary- 
land J4A-2 

Thompson, Clarence A.. 602 North Graycroft Road, Madison, 
Tennessee 73M-3 

Thompson, Courtland 8. 9070 Southwest Forty-eighth Street, 
Miami 55; Florida 40A-/ 

Thompson, David A., 204-13 Stanford Village, Stanford, California 
37 A-I 

Thompson, Edward A., 2309 Weidler, Portland 13, Oregon 674A-1 

Thompson, Eugene E., 1702 Dare Street, Raleigh, North Carolina 
66A-1 

Thompson, Fred G., Consultant, Peat Marwick Mitchell and Com- 
pany, 80 Richmond Street, W., Toronto, Ontario, Canada 
87M -3 

Thompson, Fremont G., 5197 West Pearidge Road, Huntington, 
West Virginia 58A-2 

Thompson, George A., Republic Aviation Corporation, 243-45 
Caney Road, Rosedale 22, New York &8&6M-4 

Thompson, Hal R., Carbide and Carbon Chemicals Company, P.O. 
Box 471, Texas Citv, Texas 22A-/ 

Thompson, Harold M., 2042 Hagen Boulevard, E! Cerrito, Cali- 
fornia 12A-2 

Thompson, Henry H., 600 Robinson Drive, Birmingham 15, Ala- 
bama 9A-2 

Thompson, Herbert H. 666 Var Avenue, Shelbyville, Indiana 
65A-2 

Thompson, Jack E., 4836 Rittenhouse Drive, Dayton 24, Ohio 
2A-2 

Thompson, James, Sr. Fairmont Foods Company, 3201 Farnam 
Street, Omaha, Nebraska 90A-2 

Thompson, James W., 14521 Perrywood Drive, Burtonsville, Mary- 
land J4M-4 

Thompson, John A., 4907 Southwest Thirty-ninth Drive, Portland 1, 
Oregon 6/7A-] 

Thompson, John W., 1478 South Noble Road, Cleveland 21, Ohio 
7 A-2 

Thompson, Joseph F., 808 Fourth Street, Apartment 3, Marietta, 
Georgia 6A-2 

Thompson, Judson Jr. Plant Industrial Engineer, Burlington 
Industries, Brighton Mills, Shannon, Georgia 93AF-4 

Thompson, LaVern N.. Oscar Mayer Packing Company, 1337 
West Second Street, Davenport, Iowa 46M-4 

Thompson, Roy M., Box 123, Trimble, Tennessee (A-/ 

Thompson, William C., Chrysler Corporation, 2401 Souih Reed 
Road, Kokomo, Indiana 35A-2 

Thompson, William E.. 434 Chatham Road, Columbus 14, Ohio 
1A-2 

Thomeon, Henry E., Jr.. 6533 Seventeenth Avenue, N_E., Seattle 
15, Washington 20M-4 

Thomson, John B.. 96 Finucane Road, Rochester 23, New York 
44M 

Thomson, Robert G. 2525 Valley Park Drive, Cedar Falls, Iowa 
0A-I 

Thomeon, Robert J.. 2257A North Seventieth Street, Wauwatosa 
13, Wisconsin 45A-2 

Thorn, Richard P.. 62 Ash, Park Forest, Illinois 25A-/ 

Thorn. William, 750 East Broad Street, Westfield, New Jersey 
6I1M-4 
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Thornton, Dewey H., Management Analysis Officer, United States 
Air Force-G-4, Olmstead Air Force Base, Pennsylvania 95A-2 

Thornton, Duane J., Rohr Aircraft Company, Foot of H Street. 
Chula Vista, California 29M-3 

Thornton, Wiliam M., Route 6, Edgewood Acres, Statesboro, 
Georgia 26A-! 

Thorogood, Bartlett K., 219 Parker Street, Newton Centre 59, 
Massachusetts 30M-4 

Thorp, David O., Apartment 28, 541 Flora Street, Ontario, Cali- 
forma /&A-2 

Thorpe, C. Lloyd, Guy F. Atkinson Company, 10 West Orange 
Avenue, South San Francisco, California 

Thorson, Ernest W., 33 Bay Shore Drive, Bay City, Michigan 
98M-4 

Thorton, Truman H., Hoover Ball and Bearing Company, Glen- 
vals Products Division, 1002 Section Line, Malvern, Arkansas 
84AF-3 

Thrush, Walter W., Jr., 186 Oak Knoll Avenue, S.E.. Warren, Ohio 
24A-1 

Thuering, George L., Department of Industrial Engineering, Penn- 
sylvania State University, University Park, Pennsylvania 
89M-3 

Thuesen, H. G., Head, School of I. E. and Management, Oklahoma 
State University, Stillwater, Oklahoma OF“ 

Thum, Seymour R., 2991 Brighton Street, Brooklyn 13, New York 
86A-2 

Thurber, Leo C., 3150 Astor Avenue, Columbus 13, Ohio 1M-4 

Thurnauer, Hugh, 1222 Allen Court, Rocky River 16, Ohio 7M-4 

Tibbetts, Laurence H., 26 Mechanic Street, Baldwinsville, New 
York 13M-4 

Tibble, Ralph J.. 4452 Fortuna Way, Salt Lake City 17, Utah 
50AF-4 

Ticknor, Harold D.. 9102 Vaughn, Ravtown 33, Missouri 92A-2 

Tidwell, Kenneth K., 7532 Southeast Fifteenth, Oklahoma City, 
Oklahoma 57A-2 

Tiedrich, Alan H., 114 Franklin Street, Building 2 A2, Morristown, 
New Jersey 61A-2 

Tierce, Richard E., 804 Magnolia Street, Kermit, Texas (0A-/ 

Tighe, Bernard J., Laclede Steel Company, Madison Works, Madi- 
son, Illinois J6A-2 

Tilden, Calvin, Makalapa/CinCPacFit, Box 28, FPO San Fran- 
cisco, California J2A-2 

Tillman, Walter John, 7 Bronson Place, Toledo 8, Ohio 36M-4 

Tilton, Doyle D., 69 North Westgate Avenue, Columbus 4, Ohio 
1A-2 

Timberlake, Samuel H., 36 Eastman, Nashua, New Hampehire 
62A-2 

Timlin, Joseph R., 5049 Roscrea Street, San Diego 17, California 
29A-1 

Timm, Donald L., 2904 Acton Street, Berkeley 2, California 
12A-2 

Timm, William L., 911 Beverly Drive, La Mesa, California 29A-/ 

Timmerman, Stewart W., 14 Parkersburg Court, Isle of Hope, 
Savannah, Georgia 26A-I 

Timmermeier, Newell D., 1032 Danforth, Alton, Illinois J6AF-4 

Timmins, Harold C., 2423 Adrian Street, Harrisburg, Pennsylvania 
71A-2 

Timmons, Robert M., 3715 Rollingwood Drive, Chattanooga 11, 
Tennessee 54A-2 

Timms, G. W., 12 Arbetter Drive, Framingham, Massachusetts 
30A-2 

Tims, George B., Jr.. Department of Industrial Engineering, Lamar 
State College of Technology, Beaumont, Texas 0M-3 

Tin, Maung M., c/o U Shwe Thwin, D.C.’s Office, Meiktila, Burma 
0A-1 

Tingwald, Val Gene, Western Electric Company, Incorporated, 
Box 1400, Peony Park Station, Omaha 14, Nebraska 90A-2 

Tinker, Kemper M., 7831 Burnham Avenue, Chicago 49, Illinoiw 
25M-4 

Tintera, George B., 3224 East Thirty-ninth Street, Apartment 523, 
Indianapolis 5, Indiana 65A-2 

Tippitt, Frank W., Box 414, Southern Methodist University, Dallas 
22, Texas J0A-] 

Tippy. James V., Star Route, Box 410, Lytle Creek, California 
78A-2 
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Tipton, Emmett J.. Medart Manufacturing Company, 3535 De- 
Kalb, St. Louis 18, Missourn 16A-2 

Titler, F. J.. 3475 Polley Avenue, Columbus 21, Ohio JF 

Tittel, Richard P., 137 Center Avenue, Chatham, New Jersey 
61A-2 

Tivald, Julius G., 128 West Adams, Paulsboro, New Jersey 31A-2 

Tobin, Margaret A., 616 Highland Avenue, Toledo 10, Ohio 


36A-2 

Todd, Forrest Randolph, 16 Purchase Street, Newburyport, Mas-a- 
chusetts 30M-4 

Todd, Thomas F., 2406 Anderson Road, Falls Church, Virginia 
14A-2 


Toepfer, George O., Jr., 1506 Lombard Street, Apartment 2, San 
Francisco 23, California /2A-2 

Toland, W. Jackson, Union Bag-Camp Paper Corporation, P.O 
Box 570, Savannah, Georgia 26A-! 

Tolley, Joseph C., 408 Orchard Street, Bridgeport, West Virginia 
0A-1 

Tolley, P. R., 177 Sheffield Road, Cincinnati 15,Ohio &M-4 

Tolstrup, Richard W., General Electric Company, 1 River Road, 
Building #81-2, Schenectady 5, New York OM-3 

Tombari, Aldo L., 5945 Claystone, Sylvania, Ohio 36M-1 

Tomko, Leonard J., 256 South Lehigh Avenue, Frackville, Penn- 
svivania A&VA-2 

Tompkins, Albert M., 143% South Lascerne Court, Mansfield, 
Ohio OCAF-3 

Toney, James A., 1016 Island Drive, Alameda, Califorma 234-1 

Tonkin, Speedo, 19231 Warwick, Birmingham, Michigan 47A-2 

Tonnies, Gunter, 182 Westlake Avenue, Toronto 13, Canada 
87 A-1 

Topits, Robert J., 8940 Long Lane, Cincinnati 15, Ohio &M-4 

Toreassi, Joseph A., 6737 West Cleveland Avenue, Milwaukee 19, 
Wisconsin 

Torgersen, Paul E., School of Industria] Engineering and Manage- 
ment, Oklahoma State University, Stillwater, Oklahoma 
57 A-2 

Torie, Charles B., 2216 West Monterrey, Orange, Texas 0M-3 

Torkildsen, Walter, 3561 Northeast Portland Boulevard, Portland 
ll. Oregon 67AF-3 

Torpev, James M., 1122 Clearview Street, N.W., Warren, Ohio 
24M-3 

Toscano, F. Cesar, Sandberg-Serrell Corporation, 2550 East Foot- 
hill Boulevard, Pasadena, Califorma 

Totas, Joseph E., 219 St. Nicholas Avenue, Worcester 6, Massa- 
chusetts 

Totten, David E., 4641 Weehaven, Dallas, Texas JOM-3 

Tovar. Robert J.. 80 Strong Street, Bronx 6%, New York 5M-4 

Townsend, Gerald E., 425 Lake Street, S. Apartment &, Kirk- 
land, Washington 20 A-2 

Townsley, Claude J, 310 Edge Knoll Lane, Fort Wayne, Indiana 
34A-3 

Tracey, Darrell L.. P.O. Box 3818, Terminal Annex #54, Los An- 
geles, Califorma 23A-l 

Tracey, Frank J., 2712 South Vrain Street, Denver 19, Colorado 
32A-1 

Trachtenberg. Jules H, 109-05 Seventy-second Avenue, Forest 
Hills 75, New York S5A-# 

Trammell, William B., 774 Sherwood Road, N_E., Atlanta, Georgia 
6A-2 

Transeau, Leon W., 2201 Burlington Avenue, Riverside, New Jer- 
sey 31A-2 

Trau, Frank G., Jr. St. Louis-San Francisco Railway Company, 
543 East Commercial Street. Springfield 2, Missouri 16A-2 

Traut, Ralph, 441B North Thirty-ninth, Milwaukee, Wisconsin 
‘SAF -4 

Trautz, William B., 27 Oakmont Lane, Signal Mountain, Tennes- 
see 54M-4 

Treiman, Joshua N., P.O. Box 72, Fairborn, Ohio 2A-2 

Trent, Fred A.. 1940 Carolina Avenue, Port Arthur, Texas (0A-/ 

Trent. William L.. Via Dei Franzone 6/15, Genova, Italy 25A-3 

Trenwith, Don A., 1918 Westfield Drive, S.. Columbus 23, Ohio 
JAF -4 

Treskov. Alexander, 1084 Willmohr, Brooklyn 12, 
5A-2 

Treusch, William P., 105 Governor Drive, R.D. 1, Scotia 2, New 


New York 
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York OA-! 

Trew, Donald W., Chief Industrial Engineer, Baker Perkins 
Incorporated, 1000 Hess, Saginaw, Michigan 98AF-4 

Triggs, John N., CBS-Electronics, A Division of Columbia Broad- 
casting System, Incorporated, Newburyport, Massachusetts 
30M -4 

Trimbur, Wade R., 214 Fairgrounds Boulevard, Canfield, Ohio 
24A-I 

Triplett, C. T., Industrial Engineer, Chrysler-Kokomo Plant, Ko- 
komo, Indiana 35A-2 

Tritt, Edgar H., 4995 Stacy Street, Oakland 5, California 12M-/ 

Trobaugh, Jimmy L., Salem Road, Milan, Tennessee (A-/ 

Troeger, E. Alan, 1364 Clifton Avenue, Redlands, California 
7/8M-4 

Trone, Curvin J., Jr., 894 Ogden Avenue, Benton Harbor, Michi- 
gan 

Trost, Frederick E., 6935 Midwood, Berkeley 21, Missouri J6AF-4 

Trost, Vernon F., 5317 South Caroline, Western Springs, Illinois 
25M-4 

Trotta, Patrick C., 28 Montclair Avenue, Nutley 10, New Jersey 
61A-2 

Trotter, Robert E., 1870 Valota Road, Redwood City, California 
37 A-1 

Troutman, C. Philip, 186 Long Branch Avenue, Long Branch, 
New Jersey 61A-2 

Troxell, Robert N.. Chief Industrial Engineer, Floor and Indus- 
trial Operations, Armstrong Cork Company, Liberty Street, 
Lancaster, Pennsylvania 

Troy, Ira M., 3502 Hull Avenue, New York 67, New York 5A-2 

Troyan, P. V., 6579 Wilson Mills Road, Mayfield Village 24. 
Ohio 7M-4 

Truchon, Marshall, Jr. 8500 East One Hundred Eleventh Terrace, 
Kansas City 34, Missouri 92A-2 

Trudeau, Theodore J., 1952 Page Boulevard, Indian Orchard, 
Massachusetts 94A-2 

Trueswell, Richard W., School of Engineering, University of Mass- 
achusetts, Amherst, Massachusetts 944-2 

Truluck, Cecil M., Jr, USS SELLSTROM (DER 255), c/o Fleet 
Post Office, New York, New York (A-! 

Trumbo, Robert H., 13115 Chestnut Street, Wyandotte, Michi- 
gan 47M-4 

Trunnell, Robert E., Jr.. Deere and Company, 3300 River Drive, 
Moline, Illinois 46A-2 

Tryon, Walter W., Box 1093, Rio Vista, California 12M-4 

Tseng, Anthony T., 1604 Schirm Drive, Middletown, Ohio &M-4 

Tsoucalas, Michael G., Lambert-Hudnut Manufacturing Labora- 
tories, 400 West Lincoln Avenue, Lititz, Pennsvivania 71A-2 

Tubbs, Chapin R., 522 West Longden, Arcadia, California 23A-/ 

Tuck, Thomas K., 541 Poplar Street, Canal Fulton, Ohio 52A-2 

Tucker, Arthur L., 65 Mills Lane, Bloomfield, Connecticut 75M-4 

Tucker, Augustine W., Jr., Ecusta Paper Division, Box 200, Olin 
Mathieson Chemical Corporation, Pisgah Forest, North Caro- 
lina &3AP-4 

Tucker, Charles R., 11224 West Sixty-seventh Terrace, Shawnee, 
Kansas 92AF-4 

Tucker, George E., 2112 Dunhill Drive, Raleigh, North Carolina 
66M -3 

Tucker, John L. 274 East Aliso Street, Pomona, California 
23M-4 

Tucker, Leo E., 1803 Elder Drive, Arlington, Texas 

Tucker, R. A., 15 Poplar, Rome, Georgia 93A-2 

Tucker, Robert J., 6 Bell Drive, R.D. 4, Cortland, New York 


10M-3 


13M-4 

Tucker, Thomas Elwood, P.O. Box 295, Thunderbolt, Georgia 
26M-3 

Tudor, Melvin, 63-50 Wetherole Street, Rego Park 74, New York 
86M-4 


Tuey, Richard C., 117 Thirty-second South, Seattle 44, Washing- 
ton 20AF-3 

Tulk, Robert A., 2335 Altadena Avenue, San Diego 5, California 
29M -3 

Tulkoff, A. Joseph, Lockheed Aircraft, South Cobb Drive, Mari- 
etta. Georgia 6A-2 

Tullar, Frederick E., 23 Brook Street, Manchester, Massachusetts 
30A-2 
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Tunick, Samuel Myron, 5 Manor Drive, Newark 6, New Jersey 
61M-4 

Turk, Robert H., 916 Annabelle Drive, Toledo 12, Ohio 36M-4 

Turkes, Walter R. 149 Lawrence Avenue, Homestead Park, Penn- 
evivania 3M-3 

Turner, Errett E.. Jr. 928 St. John Street, Elgin, Illinois 25A-/ 

Turner, Ira B., Jr.. 2845 O'Berry Street, Raleigh, North Carolina 
66A-1 

Turner, James R. Jr.. 2860 Highlands Boulevard, Spring Valley, 
Californa 29A-/ 

Turner, Tom W., 1216 Glen Laura Road, Jacksonville 5, Florida 
A-~? 

Turtiey, Joe 2215 South Ozark, Joplin, Missouri (0A-/ 

Turvaville, Lester J., 1705 Round Pond Avenue, Tampa 4, Florida 
9JA-2 

Tuzi, Louis A.. 16602 Grovewood Avenue, Apartment 4, Cleve- 
land 10, Ohio 7 M-4 

Twaddell, William E. 78 Haven Avenue, New York 32, New 
York 5A-2 

Twedt. Patrick A.. 390 West Fifth, Britt, lowa (0A-/ 

Twier. Charles C. 1810 West Front Street, Burlington, North 
Carolina 66M-3 

Tvier, John, 1645 South Carson, Apartment 1, Tulsa, Oklahoma 
ISA-] 

Tvier. Truett, Convair, Department &-1, Building 33, 3302 Pacific 
Highwas =an California -3 

Tveon, Harry B. Jr... 3063 North Forty-second Drive, Phoenix, 
Anzona /0A-2 

Twson, Herbert I. 76-12 Thirty-fifth Avenue, Jackson Heights 
72, New York SA-2 


Uber, Daniel W.. 3521 Edison, Trenton, Michigan 47 A-2 

lebelacker. M. R.. 524 South First, Warrington, Florida 33M-3 

lfholz. Lou. 2418 Russell Avenue, Parma Ohio 7M-4 

Ujlaky, Albert, 1506 West Columbia Avenue, Davenport, Iowa 
464M -4 

Ulbrich. Richard W. Professional Engineer, 5224 Seaman Drive, 
Davton 24, Ohio 2M-4 

Uliman, Sidnev G. 3008 East Cheltenham Place, Chicago 49, 
25A-/] 

Uiman. Theodore B. Breer Circle. Brockton, Massachusetts 


20 A-2 

Umanetz, Alex. Jr, 42 Potters Lane, Great Neck, New York 
SA-4 

Umbach, William J. 11 Warren Place, Waldwick, New Jersey 
61M -4 


Underwood, Gerald T.. 5429 Sixth Avenue, Moline Iilinoiws 46M-4 

Underwood, James Allen, Box 741, Wilmington 9, Delaware 
JOO A-3 

Unferth, William, International Harvester Company, 1100 Third 
Street. East Moline. 46M-4 

Unger, Donald J. 1533 Granger. Redwood City, California 37M-—4 

Unger, Martin S. Jr, 28301 Northampton Street, Easton, Penn- 
evivania 77A-2 

Unninaver,. M. XN. NPC. 38 Golf Linke, New Delhi, India 
4A-S8 

Uneer, Henry F.. Jr, 517 South Poplar, Hartford City, Indiana 


35A-2 

Uneer, Raymond M. 706 Cain Street, Hampton, South Carolina 
fj 

Upchurch, Edwin B. 1576 Fama Drive, NE. Atlanta 6, Georgia 
6A-2 


Upchurch, Robert E., 1116 South West One Hundred Thirty-nine 
Seattle 66. W ashington 20A-2 

Updegraff, Ralph W 4424 Seventh,S Canton 10,Ohio 19M-3 

l pdegraff, W. Robert, 15 Vernon Drive, Buffalo 25, New York 
JOM 

Upson, Harold, Industrial Engineer, Baldwin Piano Company 
1801 Gilbert Avenue, Cincinnati 2, Ohio &M-4 

Uranich, Frank A.. 916 Putnam Street, Peru, Illinois A&0A-2 

Urban, Robert, 934 East Eighteenth Street, Chester, Pennsevivania 
31A-2 

Urbanski, Edward F., 1538 Elkins Avenue, Abington, Pennev'!- 
vania 
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Ussery, Milton E., Lakeview Road, Fairmont, North Carolina 

Utley, Robert G., 1503 Pennylane, Decatur, Alabama 69A-2 

Utter, James R., 2225 Glenside, Cincinnati 12, Ohio &M-4 

Utz, Robert L., 6324 Farmar Lane, Floutown, Pennsylvania 
71 A-4 


Vactor, Howard, 15810 Van Aken, Cleveland 20, Ohio 7A-2 

Vaden, Frank S., III, 501 Angus Street, South, College Station, 
Texas 

Vader, J. Quentin, National Lead Company, TIT Division, Caron- 
delet Station, St. Louis 11, Missouri J6M-4 

Vagnini, Louis T., 1320 Anderson Avenue, Palisade, New Jersey 
5A-2 

Vail, Thomas P., 37 South Maple, Warsaw, New Jersey (0A-/ 

Vais, James A., 223 Laurel Avenue, Menlo Park, California 37A-/ 

Valastak, Robert J.. R.D. 6, Meadville, Pennsylvania 5/A-2 

Valenteen, John Vincent, 414 South West End Avenue, Lancaster, 
Pennsvivania 71]M-4 

Valenti, Donald F.. 27 Admiral Lane, Hicksville, New York 
&6M-4 

Valentine, Alfred O., 859 Spruce Street, Pottstown, Pennsylvania 
31A4 

Valentine, Deane B. Colorado Fuel and Iron Company, 361 
Delaware Avenue, Buffalo, New York 49M-3 

Valentine, Maurice T., Box 568, Hartselle, Alabama 69A-2 

Valfer, Ernst S. 201 Stonewall Road, Berkeley 5, California 
12M+4 

Vallette, William J., CBS Electronics, A Division of Columbia 
Broadcasting System, Incorporated, Danvers, Massachusetts 
30M+4 

Van Bergen, Hans M_., 387 Brixton Avenue, St. Lambert, Montreal 
23, Quebec, Canada 

Van Dalsem, Dale W., 729 Waverley Street, Palo Alto, California 
37 A-I 

Vandament, Omar K., Virco Manufacturing Corporation, P.O 
911, Highway 65, South, Conway, Arkansas &4A-/ 

Van Der Beek, Wilbur B., Jr., United States Rubber International, 
1230 Avenue of the Americas, New York 20, New York 6/]A-2 

Van Der Hevden, J. 892 Bathurst Street, Toronto, Ontario. 
Canada &7AF-3 

Vandermark, Bernard M., 3420 Cherokee, San Diego 4, California 
29A-1 

Vander-Mast, Adrian C., RayBestos-Manhattan, Incorporated, 
Wabash Division, Darlington Avenue, Crawfordsville, Indiana 
35A-2 

VanderMyde, Earl C., 10745 South Morgan Street, Chicago 43. 
Illinois 25A-3 

van der Poel, A. A. c/o Koeduinweg 5, Aerdenhout, Holland 
OAF-3 

Vanderslice, John Willard, Paul Edwards and Associates, First 
National Bank Building, Pittsburgh, Pennsylvania 3M-? 

VanDusen, Walter F.. Jr, Route 1, Box 767, Escondido, Cali- 
fornia 29M-3 

Van Dyke, C. Elmer, 1115 Thompson Avenue, Liberty, Missouri 
92M-4 

Van Eman, Cary 603 Edward, LaMarque, Texas 22A-/ 

VanEman, E. K., Jr, 5427 East Twenty-fourth Street, Tulxa 14, 
Oklahoma 15A-3 

Van Etten, H. Paul, 169 Stafford Avenue, North, Waterville, New 
York &5A-2 

Vange, Howard W., 12717 Twenty-third, N.E., Seattle 55, Wash- 
ington 20A-2 

Van Harlingen, David E., 3212 Wilmington Avenue, Dayton 2, 
Ohio 2A-4 

Van Hoesen, Richard C.,, 2952 Laskey Road, Toledo 13, Ohio 
36A-2 

Van Horne, Clive H., Stevenson and Kellogg, Limited, 10 Eglin- 
ton Avenue, East, Toronto 12, Ontario, Canada &7M-3 

Van Landingham, William R., 1205 West Washington, Midland, 
Texas 

Van Meter, Richard, 34 Autumn Drive, Rochester 15, New York 
44A-2 

Vanni, Mario A., 970 Washington Avenue, Hohokus, New Jersey 
61A-2 
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Vannoy, Charles J, Industrial Engineering Department, True 
Temper Corporation, Geneva, Ohio (OA-1I 

Van Orsow, Martin J., 3814-42 Avenue, S.W., Seattle 16, Washing- 
ton 20A-2 

Van Osten, George 
Pennsylvania 3/.M-/ 

Van Raalte, Ernest, c/o Robin-Nodwell Manufacturing, Limited, 
Fiftieth Avenue and First Street, SW. Calgary, Alberta, 
Canada 

‘an Stavern, Alva N., 306 East Euclid Road, Prospect Height, 
Illinois 25M-4 

‘an Tassel, Carl J, 105 West Fifty-fifth Street, New York 19, 
New York 5A-2 

‘anWagnen, Carl G.. 8035 Sixteenth Avenue, N.W., Seattle 7, 
Washington 20M-4 

‘an Zwalenburg, Paul R., P.O. Box 245, Puunene, Maui, Hawan 
0A-I 

‘arnadoe, Howard, 145 Luckie Street, N.W., Atlanta 3, Georgia 
6A-2 

‘arner, Siegel S., Jr. 8533 Eleventh Avenue, South, Minneapolis 
20, Minnesota 38A-2 

‘arnier, Herman E., 6401 Clydewood Avenue, Richmond 24, Vir- 
gintia 

‘arnson, Thomas M., 1004 Alexandria Drive, Maviair 8S. D., 
Pensacola, Florida 23A-/ 

‘arraux, I. A.. 711 Shady Avenue, Sharon, Pennsylvania 24M-3 

‘asihou, George, 622 Dalton Street, Marion, Virginia CA-/ 

“asoti, James J., 3309%% Dudley Avenue, Parkersburg, West Vir- 
gimia 


5748 Erdrick Street, Philadelphia 24, 


Vaughan, A. W., Jr.. 908 South Spring Avenue, LaGrange, Illinois 
25M-4 

Vaughan, Frank M., 10128 Goodyear Drive, Dallas 29, Texas 
10A-1 

Vaughan. Sherman L., 1401 West Hempstead, Pasadena, Texas 
22A-3 


Vaughn, Leslie F.. P.O. Box 670, Ogden, Utah 50M-4 

Vaughn, Ralph L.. Kaiser Steel Corporation, P.O. Box 217, Fon- 
tana, California 7&M-4 

Vay, Leroy M., Regional Industrial Engineering Manager, Post 
Office Department, 870 Market Street, Room 554, San Fran- 
eiseco 2, Calitorma J12M-4 

Veatch, Jack L.. Route 2, Utica, Ohio JA-2 

Vedouras, Bill J.. 14713 Corndon Avenue, Maple Heights, Ohio 
/A-2 

Veikins. Olgert. 1063 Meadowbrook, Los Angeles 19. California 
23A-l 

Vewrs, Stephe nD. F and R Lazarus and (‘ompany, Columbus 14, 
Ohio 

Venineasa, Joe F. 142 Mink Drive. San Antonio, Texas 39A-2 

Venineasa, Louis A. 3378 Nicholson Drive, Apartment 3, Baton 
Rouge, Loummana 4/]A-/] 

Ventura, George J., Harnischfeger Corporation, Truck Crane Plant, 
Danforth Road, Escanaba, Michigan 

Verba, Paul, Suncrest Court, 236 Vaughan Road, Toronto 10, 
Ontario, Canada A-3 

Vercammen. Charles F.. 6120 West Stevens Street. Seattle, W ash- 
ington 20A-2 

Verderber, Robert J., 275 East 250, Euclid 23, Ohio 7A-2 

Verdun, Arie, Professional Engineer, 28 South Street, Hamilton, 
Ontario, Canada 4&7 M-3 

Verkozen, Andrew, 622 Twenty-first Avenue, 
California J2M-/ 

Vernekar, V.S.. Chief Industrial Engineer, TISCO, Jamshedpur-l, 
India 4M-S 

Vernes, lan Arie F.. Joseph Pollak Corporation, 85-90 Freeport 
Street, Boston tts 

Vernes, Paul Douglas, 365 Beechmont Drive. New Rochelle, New 
York 5A-2 

Vernon, James L., 86M South Dinwiddie Street, Arlington 4, Vir- 
gintia J4AF-4 

Versal, George. 62 Glencoe Road, Columbus 14. Ohio J]A-2 

Verwohlt, H. W., 496 Heritage Lane, Hilliards, Ohio JA-2 

Verzosa, A. Norbert, 2244 West Farragut, Chicago 25, Illinois 
25A-1 


San Francisco 21. 
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Vesco, Savino D., 2986 Wilson Parkway, Harrisburg, Pennsylvania 
95M-4 
Vesely, Charles, 2830 Burlawn Parkway, Brookfield 10, Wisconsin 
45M-4 
Vesling, Gerald C., Sylvania Electric Products, 12 Second Avenue, 
Warren, Pennsylvania 51M-4 
Vest, Charles R., 420 East Maple Street, Jeffersonville, Indiana 
18A-1 
Vester, Lyle A. 1019 Goshen Pike, Milford, Ohio &M-4 
Vetter, Edward A. 3650 Henry Avenue, Louisville, Kentucky 
18M-3 
Vetter, Robert A., 2734 Clara, Ft. Wayne, Indiana 34A-] 
VeVea, Kenneth L., Standards Engineering, IBM, 3605 North 
Highway 52, Rochester, Minnesota (A-/ 
Vick, Alan G., 114 Eleventh Street, North, Fargo, North Dakota 
0A-1 
Vickery, Harold K. Norton Company, 1 New Bond Street, 
Worcester 6, Massachusetts 68 M -3 
Vickroy, Roger C., Industrial Engineering Department, Deere 
and Company, Moline, Illinois 46AF-4 
Vidal, Loui, 3572 Monroe Street, Gary, Indiana 53A-/ 
Vidal, Manuel, 424 Harrison Street, Gary, Indiana 53A-/ 
Vidal, Pablo A., Via Layetana 99, Barcelona, Spain /A-2 
Viele, Peter G., 8 Holmes Court, Darien, Connecticut &2A-2 
Vietmeier, Robert J., 2300 Whited Street, Pittsburgh 26, Penn- 
syivania 
Vigder, Arnold, 51 White Oak Street, New Rochelle, New York 
-2 
Viggiano, Victor A., Manager, Industrial Engineering, The Okonite 
Company, 220 Passaic Street, Passaic, New Jersey 61M-4 
Vighani, Louis B., 1415 Eightieth Street, North Bergen, New 
“Jersey 61A-2 
Viko, Paul E., 2223 Laird Way, Salt Lake City 8, Utah S50A-2 
Villaronga, Raul G., 56 Salud Street, Ponce, Puerto Rico (OA-! 
Villers, Raymond, 125 Broad Street, New York 4, New York 
5M-4 
Vincent, Albert M., 1909 Oakland Boulevard, Fort Worth 3, Texas 
1OM-3 
Vincent, Merlin D., 1815 East Georgia Street, Phoenix, Arizona 
70A-2 
Vincent, Robert W., 1203 Arcadia Street, Orlando, Florida 27A-2 
Vines, Quentin C., 1409 East Stadium Boulevard, Ann Arbor, 
Michigan 47M-4 
Vinnenberg, Raymond C., 131 Sunset Drive, Williamsville 21, 
New York 49A-] 
Vinson, John M., Box 61, Frost, Texas 0A-! 
Vishwanath, V.. Industrial Engineering Department, TISCO, 
Jamshedpur-l, India 4A-S 
Vittrup, John B., 2802 Yale, Irving, Texas I0A-/ 
Vogel, Barth J. 538 Twenty-ninth Avenue, East Moline, Illinois 
46A-2 
Vogel, George C., 22153 Yborra Road, Woodland Hills, California 
23A-1 
Vogel, Leo C., 2514 East Pierson Street, Phoenix, Arizona 70A-2 
Volk, Alfred H. 1410 Thirty-third Street, Rock Island, Illinois 
16A-? 
Volk, Robert D., 176 North Highland Avenue, Los Angeles 36, 
Calhfornia 23A-] 
Vollmer, Robert G., 553 North Central, Chicago 44, Illinois 
25A-1 
Volmar, Walter J. 1288 Cloverdale Drive, S.E., Atlanta, Georgia 
6A-2 
Volpe, Edward G.. Hammermil!] Paper Company, East Lake Road, 
Erie, Pennsylvania 5/A-2 
Volyn, Robert P., 78 Berkley Court, Wayne, New Jersey 6/AF-/ 
Volz, Edward J.. 152 Fox North Road, Hubbard, Ohio 24M-? 
Volz, Marvin D., 13728 Woodlark, Rockville. Maryland 14A-2 
Volz, William T., Jr.. Henry J. Scheirich Company, 4460 Louis 
ville Avenue, Lousville 9, Kentucky J&A-/ 
von Ahlefeldt, Rolf S., 1325 Greenwood Street, Pueblo. Colorado 
72M~3 
von Brecht, Forrest G. 6 Forest Ridge, Clayton 5, Missouri 
16M -4 
Vondracek, Joe L. 10533 Valjean, Granada Hille. California 
23A-1 
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Von Mevysenbug. Carl R. Continental Can Company, Incor- 
porated, P.O. Box 187, Harvey, Louisiana 74A-2 

Vos, Cornelis, Chief Industrial Engineer, Aeolian American Cor- 
poration Commercial Washington Road, East Rochester, New 
York 4/M-4 

Voss, Gerald P. 8537 Elmira, Detroit 4, Michigan 47A-2 

Votapka, Otto Fk. 304 Loren Avenue, Vestal, New York 96A-/ 

Vought John Liberts Sireet. Arcade. New York 19A-] 

Vovles, James H.. Jr. 5332 White Fox Drive, Rolling Hills, Cali- 
fornia 23 V-/ 

Vrbancic, Walland P.. 6028 East Eberly Street, Lakewood, Call- 
forma 

Vredenburg, Wilham 27 Bonne Heights Road, Manhasset 
New York SA-2 

Vulkoff, RK (raw 635 Woodcrest Avenue, Ardmore Pennsevivania 


Wachtel. Earl G., Jr, 1426 Grace Avenue, San Jose, California 
37 AF -3 

Wade, Marcus E., Jr, General Shoe Corporation, 1251 Caroline 
Street, NE Atleata 7 (,eorgia 6AF-4 

Waddell, Wiliam C. 4520 Newton Street, Torrance. California 
23 

Wadland, Robert L.. 11 Lynde Street, Melrose 76, Massachusetts 
30M -4 

Wadeworth, Harrison M. Jr. 4540 West One Hundred Sixtv- 
eighth Street. Cleveland 11, Ohi 

Waechter, James M. 329 Schofield Building, Cleveland 15, Ohio 

Waeckerle, Wilham 8S. 3065 Kingsley Drive, Florissart, Missouri 
16A-2 

Wagenknecht, Arthur J.. Sylvania Electric Products, Incorporated. 
1128 Roosevelt Avenue, York, Pennsevivania 72M-4 

Waggoner, John F.. 50 Summit Circle, Walnut Creek, California 
12A-2 

Wagner, Charles A. Jr. 44 Oak Ridge Drive, East, Brockton. 
Massachusetts 

Wagner, Charles J.. 715 South Bennighof Avenue, Evansville 14, 
Indiana A&&A-2 

Wagner, Donald Duane, 408 Solano Drive, NE. Albuquerque, 
New Mexico S9A-/ 

Wagner, James G., 344 Tenth. Elwria. Ohio 7A-2 

Wagner, John V. 1763 Laurelhurst Drive, Salt Lake City &, 
Utah S0A-2 

Wagner, Norman H.. Chicopee Manufacturing Company, 26 North 
Garden Street, Bensenville, Illinois 25AFP-3 

Wagner, Paul W., Langford-Clarksburg Road, Eden, New York 
I9A-] 

Waleutt, Wayne W., Bell Sound Systems, Incorporated, 555 
Manon Road, Columbus 7. Ohio 

Waldrop, Edwin W., 1711 Shadford Ro: 
OM -3 

Waldvogel, Robert K. 75 Greenvale Drive, Rochester 18, New 
York si 

Walichowski, Edward J. 6145 Chaffin Street, Houston 17. Texas 
22A-3 

Walk, Robert F.. Industrial Engineer, Rochester Products. Divi- 
son of GMC, Lexington Avenue, Rochester New York 44A-2 

Walker, Albert G. 422 East Greenland Avenue. Oconomowoc. 
Wisconsin 45A-2 

Walker. Clyde C.. Acme Steel Company, Riverdale Station, Chi- 
cago 27, Illinois 25M-4 

Walker, Donald 8S.. 322 Overbrook Road, New Brunswick, New 
Jersey 

Walker, Ernest H* Granite City Steel Compahy, Twentieth and 
Madison, Granite City, IIlmow 16A-2 

Walker, Frank FE... Jr, 20 Williamson Park Drive, Newport News, 
Virginia 14A-2 

Walker, Frederick J. 943 West G Street, Ontario, California 


Ann Arbor, Michigan 


78A-2 

Walker, Howard B., 1236 Cross Key Drive, Atlanta 19, Georgia 
6A-2 

Walker, Jack R., 1963 Briar Mill Road, NE. Atlanta 6, Georgia 
6A-4 


Walker, Richard, Mead Containers, Incorporated, Delavan Divi- 
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sion, P.O. Box 1138, Syracuse 1, New York J/3A-2 

‘alker, Robert F., 912 Glenroy Road, Philadelphia 28, Pennsy|- 
vania 3/A-2 

‘alker, Robert O., 5606 Vallev View Drive, Hamilton, Ohio 
&M-4 

Walker, Ronala t... 2919 Clearfield Avewue, Akron 14, Ohio 52A-2 

Walker, Thomas K., 1250 Koppers Building, Pittsburgh 19, Penn- 
svivania 

Walker, Wilham E.. RFD. 1, Box 6, Kingston, New York 76A-2 

Walker, William R., 901 Holmes Street, Salisbury, North Carolina 
21A-2 

Wall, Billy Joe, Box 27, Purvear, Tennessee (0A-/ 

Wall, Charles R. 2009 Ribault Scenic Drive, Jacksonville 8, 
Florida 27M-4 

Wall, Gordon A., Johns-Manville Corporation, 22 East Fortieth 
Street, New York, New York 53M-/ 

Wall, Joe Hanson, Cost Control Department, Hudson Pulp and 
Paper Corporation, Palatka, Florida 27 A-2 

Wallace, Charles R. Route Number 3, Clarksville, Tennessee 
0A-! 

Wallace, L. W.. Top Management Seminar, Ordnance Manage- 
ment, Engineering Training Program, Rock Island Arsenal, 
Rock Island, Iilmow 46F-< 

Wallace, William 8S. Apartment E-1, Sapphire Manor, Brevard, 
North Carolina &3A-2 

Wallack, Paul M., 2116 Ventura Drive, Tempe, Arizona 70A-2 

Waller, Douglas S.. 648 Sleepy Hollow Road, Falls Church, Vir- 
gimia 

Waller, Frank D.. 1063 West Richmond Street, Macon, Georgia 
55A-1 

Wallgren, Ronald E., 501 East Thirty-second Street, Apartment 
Chicago 16, 25AF-3 

Wallner, Siegfried, Jr. 1104 Woodbine Way, Signal Mountain, 
Tennessee S54AF-4 

Walls, Robert T.. 49 East McClellan Avenue, Livingston, New 
Jersey O1M 4 

Walmsley, Charles Alfred, Charles A. Walmsley and Associates, 
Railway Exchange Building. st Louis l. Missouri 16M+4 

Walp, Jack S., 37 Brookline Avenue, Youngstown 4, Ohio 24M-3 

Walser, Vergil H., Registration Office, United States Post Office, 
512 Nicollet Avenue, Minneapolis 2, Minnesota 38M-4 

Walsh, Arthur P. 29 Village Drive, King’s Village, Saugerties, 
New York /76M-4 

Walsh. Frederick, 603°%4 South West Street, Lebanon, Indiana 
65 M-4 

Walsh, Harry H., Jr. 9810 Larston Drive, Houston 24, Texas 
22M-+4 

Walsh, Philip A.. 341 Canova Lane, Dayton 31, Ohio 2M-# 

Waleweer, J. A. Building #94, United States Coast Guard Re- 
serve Training Center, Yorktown, Virginia 25A-/ 

Walter, Donald F., United States Navy, USS. Maury (AGS-16), 
FPO. New York (OA-! 

Walter, Harvey R., Allison Division, GMC, P.O. Box 894, Depart- 
ment 0510, Indianapolis 6, Indiana 65A-2 

Walter, Russell W.. R.R. 5, Valparaiso, Indiana 53M-3 

Walter, T. Edgar, Jr, 1816 Thomas Place, Arlington, Texas 
JOM -3 

Walters, George L., Route 1, Box 737, Pensacola, Florida 33A-/ 

Walters, Jack E. 1848-B Claymore Drive, Marietta, Georgia 
6A-2 J 

Walters, William F., Industrial Engineer, Colgate-Palmolive Com- 
pany, P.O. Box 223, Kansas City 41, Missouri 92M-4 

Walters, William P. 119 West Water, Sidney, Ohio (OA-/ 

Walton, Harry B. Jr. 930 Martha Avenue, Lancaster, Pennsyi- 
vania 71M-4 

Walton, Richard W., 804 Old Lincoln Highway, Langhorne, Penn- 
svivania 31M-4 

Walton, William M. Burton Manufacturing Company, Incor- 
porated, P.O. Box 351, Jasper, Alabama %A-4 

Waltz, Charles H. 57 Garden Terrace, Pittsburgh 21, Pennsyl- 
vaniaa 3M-3 

Waltz, Edward G., Eastman Kodak, Kodak Park, Building #2. 
Rochester 4. New York 44M-4 

Wameer, Richard E.. Three Hundred Seventy-eighth Ordnance 
Company, Camp Irwin, California 78A-2 


\ 


\ 
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Wanner, Richard L., Fox Hill Road, Woodbridge, New Haven 
15, Connecticut 97M-4 

Wanninger, George T., 203 Roval Avenue, Ferguson 21, Missouri 
16M-4 

Ward, Joseph B., 6912 Fifty-sixth Avenue, South, Seattle 18, 
Washington 20M-4 

Ward, Robert G., 393 English Road, Rochester 16, New York 
44A-2 

Ward, Wayne R., 2256 Orville, Kansas City 2, Kansas 92A-2 

Wardell, Albert W.. Box 217, Long Valley, New Jersey 61A-2 

Wardell, Kenneth E., 3183 Prospect Avenue, Riverside, California 
(8A-2 

Wargo, Joseph B.. 1916 Creek Hill Road, R.D. 5, 
Pennsylvania 7/A-2 

Warne, Robert M., 551 Tulane, Saginaw, Michigan 98A-2 

Warner, Anthony F., 11703 Charles Road, Silver Spring, Mary- 
land J4A-2 

Warr, Maxie FE... Jr. 7709 East Thirty-first Street, Tulsa 5, Okla- 
homa J/5A-] 

Warrell, J. E.. Box 432, Carlisle, Pennsvivania 72M-/ 

Warren, James M., 572's Seventh Avenue, Salt Lake City 3. 
Utah S50A-2 

Warren, Joseph, 1803 Eileen, Ypsilanti, Michigan @A-! 

Warren. Victor R.. 11402 Robson, Detroit 27, Michigan 

Warren, Ward R.D. 2, Crestline, Oho OM-3 

Warriner, Robert P., The Wilham Carter (Company, 33 Morrie 
Street, Springfi« ld 5, husetts M-4 

Warschauer, James E.. 198 East Blake Avenue, Columbus 2, 

Ohio JA-2 
‘arschauer, Thomas Myer, 2306 Fairway Drive, Mobile, Ala- 
bama /YM-/ 

Warsinsky, Albert E., Sterling Faucet Company, Morgantown, 
West Virginia (CA-/ 

Washauer, Louis H., 800 Kingsland Avenue, University City 5, 
Missouri /6A-2 

Washburn, Martin W. Jr.. 9063 East Arcadia Avenue, San 
Gabnel, California 

Washer, Richard B. R.D. 1, Box 454. Miller Road, Utica, New 
York &5A-2 

Wason. Charles P.. 1614 Marilwn Avenue, Davton 20. Ohio 2A-2 

Wassel, George. 1455 East One Hundred Eighty-fifth, Cleveland 
10, Ohio 7M-4 

Wasserman, Arnold, 7631 Sagamore, Cinemnati 36, Ohio 39A-2 

Waterbury, J. J.. 1026 South Frederick Street, Apartment C44, Ar- 
lington, Virgimia 

Waters, Clyde O.. 2900 Dawn Avenue, Odessa, Texas 

Waters, Fugene 1130 Stuart Boulevard, N.F.. Massillon, Ohio 
19M-3 

Watkins, Vaneil W., 311 North Brazos Street, Weatherford, Texas 

Watkins, Wilham L.. 
Tennessee 17A-] 

Watmough, John W.. Cerro de Pasco Corporation, La Oroya, 
Peru, South America 

Watson, Edwin C., Hart Hill Acres, Clark Mills Road, Whites- 
boro, New York &M-4 

Watson. (,eorge om 261 Collfield Avenue, Staten Island 14, New 
York S5A-2 

Watson, Hayward B., 3822 Montevista Road, Cleveland Heights 
21. Ohio 7AF-4 

Watson, Jerrv, Thiokol, Box 524, Brigham City, Utah 50M-4 

Watson. Lawrence D., 142-10 Hoover Avenue. Jamaica 35. New 
York 5A-2 

Watson, Robert E., 
JA-4 

Watson, Thomas E., 245 North West End Avenue, Lancaster, 
Pennsvivania 7/A-2 

Watson, Wayne C., Biwood Road, R.D. 1, Ambler, Pennsyl- 
vania 31A-2 

Watt, Dale H., 528 East Fifth, Tulsa 10, Oklahoma J5M-3 

Watt, William L., 502 Arbutus Avenue, Seaford, Delaware (OA-/ 

Watters, Ralph N.. 319 Marlow Drive, Oakland 5, California 
12M-4 

Watters, James D.. Moore Business Forms, Incorporated, 800 
South Raymond, Fullerton, California 23A-! 


Lancaster, 


47 A-2 


\ 


Eastern Avenue, City #6, Morristown. 


73 East Riverglen Drive, Worthington, Ohio 


March-April, 1960 


Wattleworth, Frank, 815 South Eight Hundred West, Orem, 
Utah 50A-2 

Watts, Douglas T., 273% Melinda Drive, Winston-Salem, North 
Carolina 21M-4 

Wavell, John C., 142 Ballard Drive, San Antonio, Texas 39A-2 

Wayne, S. LeRoy, 4009 Avera Avenue, Winston-Salem, North 
Carolina 21A-2 

Weakley, Leonard A., Jr, 409 Jade Cove Way, Seal Beach, Cali- 
fornia 23A-] 

Weaver, Arthur B., 401 East Church Street, Blackwood, New 
Jersey 31A-2 

Weaver, Earl B., 228 Sarvie Drive, Knoxville 20, Tennessee 1/M-¢ 

Weaver, Frederick C., 28 Strathmore Circle, Rochester 9, New 
York 44A-2 

Weaver, William H., East Pleasant Street, R.F.D. 3, Amherst, 
Massachusetts 6&M-3 

Webb, Edward T., 815 Rimpau Boulevard, Los Angeles 5, Cali- 
forma 23A-] 

Webb, Kenneth B., 3003 Pope Drive, Chattanooga 4, Tennessee 
54A-2 

Webb, William T., Malesus, Tennessee &3A-2 

Webber, John A., 516 Harrison Avenue, Greensburg, Pennsylvania 
3A-I 

Webber, Robert M.. III, 405 Washington Street, Dedham, Mass«a- 
chusetts I0A-2 

Weber, Henry H., 1136 Fernwood Drive, Millbrae, California 
37 A-1 

Weber, John M. R.D. 1, Renfrew, Pennsyivania (@A-/ 

Weber, J. R.. 450 South Canal Street, Canal Fulton. Ohio 52A-2 

Weber, Karl Edward, 10 Ellicott Boulevard, R.D. 1, Tanawanda, 
New York 49M-3 

Weber, Paul B. 409 Apple Road, Newark, Delaware J00A-/ 

Weber. Rodolfo A., Altavista 137, San Angel Inn, Mexico 2) 
D. F. 

Webster, Fred E., 408 Guntersville Road, Arab, Alabama 69A-2 

Webster, John F., P.O. Box 1795, Louisville 4, Kentucky J&A-3 

Webster, Robert H., 7827 East Eighth Street, Downey, California 
23M+4 

Weeks, H. Wayne, 3025 North West Seventy-first Street, Okla- 
homa City, Oklahoma 57M-4 

Wefler, Warren H. R.F.D. 1, Massillon, Ohio 19M-3 

Weger, John J., 1236 Canterbury Drive, South Bend 28, Indiana 
0A-1 

Wehby, La Vern J., 1332 San Mateo, S.E., Apartment 17, Albu- 


querque, New 

Wehman, Charles P., 3926 Forest Highland Drive, Chattanooga 5. 
Tennessee 54A-2 

Wehmer, William C., 221 Willard, S.E.. Warren, Ohio 3A-/ 

Wehrle, George W., Jr., Industrial Engineering Supervisor, Fa- 
cilities Planning, Westinghouse Electric Corporation, Sharon, 
Pennsylvania 24M-3 

Wei, Ignatius Z. S., Acme Industrial Company, 200 North Lafiin, 
Chicago 7, 25AF-3 

Weichsel, Morton E., The Colorado Fuel and Iron Corporation, 
361 Delaware Avenue, Buffalo 2, New York 49M-3 

Weidman, Robert S., 2750 Spring Garden Road, Winston-Salem, 
North Carolina 21M-4 

Weigel, Richard C., 912 Main Street, Watsontown, Pennsylvania 
89A-2 

Weigold, Calvin, R.D. 1, Malvern, Pennsylvania 3/A-2 

Weikel, William F., 975 Cardinal Drive, Evansville 11, Indiana 
&&M-4 

Weil, Kurt, 10702 Shaker Boulevard, Cleveland 4, Ohio 7M-4 

Weil, Lisa, 6615 Deancroft Road, Baltimore 9, Marvland 42M-# 

Weiler, Norman E., 115 Newburgh Avenue, Buffalo 11, New 
York 49M-3 

Weilnau, Marvin A., 201 West Bogart Road, Sandusky, Ohio 
0A-1 

Weinberg, Richard R., 3515 Upper Oakwood Avenue, Elmira 
Heights 19, New York 48A-l 

Weindling, Joachim I, 7146 Parsons Boulevard, Flushing 65, 
New York 5M-4 

Weiner, Leonard, 2869 Bainbridge Avenue, Bronx 58, New York 
5A-2 
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Weingarden, Marshall L., 73-64 One Hundred Ninety-sixth Street, 
Flushing 66, New York S5A-4 

Weinrich, Norbert G., 1205 Fairway Drive, Alton, Illinois 16A-2 

Weinstein, Jean P., Assistant to General Manager, John W 
Leavitt Company, 195 State Street, Baston 9, Massachusetts 
30 AF -4 « 

Weintraub, Donald H., 102-45 Sixty-second Road, Forest Hills 
75, Long Island, New York 5A-2 

Weintraub, Emanuel H., 220-44 Seventy-fifth Avenue, Bayside, 
Long Island, New York 5M-4 

Weimwurm, Ernest H. 25 East Jackson Boulevard, Chicago 4, 
Iilimois 25AF-3 

Weinzimer, Donald H., 1820 Fifty-fifth Street, Brooklyn 4, New 
York S5AF-4 

Weir, James F., 5817 Eighty-fourth Avenue, Hyattsville, Mary- 
land J4A-2 

Weisberger, Joshua H., 1329 Fifty-third Street, Brooklyn 19, New 
York 5A-2 

Weisend, Jack R. 10899 South Prospect, Chicago 43, Illinois 
25M-4 

Weisent, William A., 366 North Selby Boulevard, Worthington, 
Ohio J1AF-4 

Weiss, Henry G.. Modern Materials Handling, 795 Boylston, Street, 
Boston 16, Massachusetts 30AF-4 | 

Weiss, Paul E.. 9 Dee Court, Hicksville, Long Island, New York 
5A-2 

Weiss, Robert H., 38 Windmill Lane, New City, New York (0A-/ 

Weissberg, Howard L., 137-21 Eighty-third Avenue, Kew Gardens 
35, New York 86A-2 

Weissburg, Allan A., 1210 Roosevelt Drive, Fort Wayne, Indiana 
34A-1 

Weissenberg, Peter, 828 Fairfax Road, Drexel Hill, Pennsylvania 
31A-2 

Weissman, Michael A., 175 West Seventy-ninth Street, New York 
24, New York S5A-2 

Weitz, Harold, 535 West One Hundred Tenth Street. New York 
25, New York 5A-2 

Weizenecker, Alex B. 355 South Twenty-first Street, Sebring, 
Ohio 24A-] 

Welch, Gerard J., Box 157, Balboa, Canal Zone 0A-/] 

Welch, Ralph A., 2577 Northwest Boulevard, Columbus 21, Ohio 

Welch, Thomas H. E., c/o Line Material Industry, 1700 Vander- 
bilt Road, Birmingham 2, Alabama 9A-¢4 

Wellman, Paul I, Jr. 3110 Butler Avenue, Los Angeles 66, 
California 23A-] 

Wellman, Walter R., Jones and Laughlin Stee] Corporation, 8806 
Crane Avenue, Cleveland 5,Ohio 7A-2 

Wells, Don, Box 502, Hawkins, Texas 60/A-? 

Wells, Robert H., President, Wells and Associates, 185 Montclair 
Avenue, Montclair, New Jersey 5M-4 

Wells, Roger H., 3835 South Logan. Englewood, Colorado 32A-] 

Welsch, Donald E., 65 Poland Village Boulevard, Poland 14, 
Ohio 24A-I 

Welsh, Wilham J., 3733 Glen Meade Road, Louisville 18, Ken- 
tucky J18A-3 

Welsher, Donald R., 1006 Gerard Avenue, New York 52, New 
York S5A-2 

Welter, Miles B., 2425 Bradway Boulevard, Birmingham, Michi- 
gan 4/7A-2 

Wemple, Horace R., Jr., Universal Atlas Cement Company, 100 
Park Avenue, New York 17, New York 5M-4 

Wemyss, Albert P., Jr, Hawthorne Drive, R.R. 2, Brevard, North 
Carolina €&3A-2 

Wendel, George D.. 1220 Jackson Boulevard, Apartment 10, 
Houston 6, Texas 22A-! 

Wendt, Chester F., 308 Bellemonte Street, Middletown, Ohio 
2M-4 

Wendt, Herbert 8S. Long Island Lighting Company, 175 Old 
Country Road, Hicksville, New York &6M-4 

Wendt, Willard L., Milford, New Jersey 77M-4 ° 

Wenger, Robert, Ace Electric Service Company, Incorporated, 
129 North Third Street, Philadelphia 6, Pennsylvania 3/A-4 

Wernecke, Robert B., University of Wisconsin, Mechanical Engi- 
neering Department, Madison 6, Wisconsin 45M-4 
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Werner, Charles A., 520 Kingsland Avenue, University City 5, 


Missouri J6A-2 
Wernert, John R., 2412 Cloverdale Road, Donelson, Tennessee 
O4A-3 


Wertheim, John M., 2840 Sedgwick Avenue, New York 68, New 
York 5A-2 

Wesagmann, Carl L.. R-F.D. 1, Rhineland, Missouri (@A-/ 

Weasel, Peter, 6772 Hollywood Boulevard, Los Angeles 28, Calli- 
fornia 23A-I 

Wessman, Eric J., 23339 Westchester Drive, North Olmsted, Ohio 

Wesson, Robert W., Union Carbide Chemical Company, Textile 
Fibers Department, 100 East Forty-second Street, New York, 
New York &6M-4 

West, James C., 5413 Naples Drive, Dayton 24, Ohio 2A-2 

West, John D., 314 West Springvalley Road, Centerville, Ohio 
2AF-4 

West, Leroy H., 1275 East Two Hundred South, Pleasant Grove, 


Utah S50M-4 

West, Otis C.,, 4401 West Liberty, Oklahoma City 7, Oklahoma 
57 A-2 

West, Robert A. 986 Maple Street, Ogden, Utah S50A-2 


West, William L., 2312 Dog River Drive, North, Mobile, Alabama 
7OAF 

Westberg, Frederick T., 913 Third Street, Whittier, California 
23M-4 

Westbrook, Maxwell F., 315 North Quincy Street, Apartment 4, 
Arlington 3, Virginia 14M-4 

Westbrook, R. L., Sr., 6010 Belmont Avenue, Cincinnati 24, Ohio 
&A-4 

Wester, Robert E., 1547 East Boulevard, Cleveland 6, Ohio 7M-1 

Westerman, William L., 515 Kaldy Drive, Cincinnat; 44, Ohio 
&A-2 

Westfall, Emmett M.. R.R. 1, Horseheads, New York 4&AF-3 

Westfall, Peg, 444 Woodward Avenue, Buffalo, New York 49A-/ 

Weston, Austin, 623 North Street, Racine, Wisconsin 45A-2 

Weston, Frank L., 10721 South Morgan Street, Chicago 43, Ilhnois 
25M-4 

Wethington, Thomas D., 120 Ocla Street, Borger, Texas 0A-! 

Wexler, Paul L., Apartment 1, 2046 Snowhill Drive, Cincinnati 
37, Ohio &A-2 

Whalen. John J.. 408 West Terrace Street, Altadena, California 
23A-1 

Wheatley, Thomas V., P.O. Box 884, Pomona, California 78A-2 

Wheaton, H. O., Jr, American Steel Foundries, 1001 East Broad- 
wav, Alliance, Ohio 19M-3 

Wheeler, Donald L., Robertshaw-Fulton Controls Company, Gray- 
son Controls Division, Long Beach 5, California 23M-# 

Wheeler, Dwight E., Box 134, Milford, New Jersey 77M-4 

Wheeler, Iven H,, Jr, Minneapolis-Honeywell Regulator Com- 
pany, 13350 United State Highway 19, St. Petersburg 35, 
Florida 9/A-2 

Wheeler, John D., 5143 Reeds Road, Mission, Kansas 92AF-/ 

Wheeler. Michael J.. 41 King Avenue, Columbus 1, Ohio (CAF-6 

Wheeler, William C., 17 Rykert Crescent, Toronto 17, Ontario, 
Canada &7A-] 

Wheeler, William G., 2625 Wheeler Avenue, St. Paul 13, Minne- 
sota 38A-2 

Whetstone, Joseph M., 1523 Azalea, Arlington, Texas J0A-3 

Whish, Arthur M., 195 Upland Road, Quincy 69, Massachusetts 
30A-2 

Whisler, Wilton M., 121 South One Hundred Sixty-eighth, Seattle 
88, Washington 20A-2 

Whitaker, Wilson C., 2335 Lyon Street, Raleigh, North Carolina 
66A-1 

White, Cameron W., Jr., 6261 Third Avenue, North, St. Peters- 
burg, Florida 9/A-2 

White, Edwin P., 39 Schuyler Street, Roxbury 21, Massachusetts 
30A-4 

White, James H., 130 Cabot Street, San Antonio 1, Texas 39A-2 

White, Kendall C., 37700 Chagrin Boulevard, Chagrin Falls, 
Ohio 7M-4 

White, Leon S., 18705 Brickell Way, Castro Valley, California 
12A-2 
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White, Ralph P., B. F. Goodrich Sponge Products, Canal Street, 
Shelton, Connecticut 97M-4 

White, Thomas B., 12504 Gruss Avenue, Cleveland 8, Ohio 7M-4 

White, Thomas V., 4104 Spruce, Apartment 3, Philadelphia 4, 
Pennsylvania 3/A-2 

White, Walter J.. 35 August Avenue, Toronto 13, Canada 8&7A-/ 

White, William B., 2150 Twenty-third Avenue, North, St. Peters- 
burg 13, Florida 9/A-2 

White, William E., 424 Cressent Lane, Vestal, New York 96A-1 

White, William H., 2479 A and M Avenue, San Angelo, Texas 

Whited, Lyle N., 155 West San Ysidro Boulevard, San Ysidro, Cali- 
ornia 29A-] 

Whited, Robert L., 6461 Regent, Oakland 9, California /2A-2 

Whitehead, Edwin, 467 Thirtv-seventh Street, Oakland 9, Cali- 
forma J2A-4 

Whitehead, Richard H., Scott and Williams, Incorporated, 266 
Union Avenue, Laconia, New Hampshire 63M-3 

Whitehead, William V., Canadian Pratt and Whitney, Aircraft 
Company Limited, Manufacturing Division, P.O. Box JY, 
Longueuil, Quebec, Canada (OA-/ 

Whitehead, John G., 657 South Westfield Street, Agawam, Massa- 
chusetts 94A-2 

Whitehouse, Richard Z., 1224 Twenty-fourth Street, N.W., Canton 
9 Ohio I9A-] 

Whitelow, Alfred A. 145 Martiny Omar, San Isidro, Buenos 
Aires, Argentina O0M-3 

Whitfield, A. J., 1005 West Thirty-fifth Avenue, Gary, Indiana 
53A-I 

Whitlow, George S., Jr. 1212 Manchester Avenue, Norfolk, Vir- 
ginia Y9A-2 

Whitmarsh, James A., Jr., 5236 Lanai Street, Long Beach &, Cali- 
fornia 23A-l 

Whitner, Robert E.. 1832 Whitehall Street, Allentown, Pennsy!l- 
vania //A-2 

Whitney, Ivan H.. RFD. 1, Mount Morris, New York 44A-2 

Whitney, Lawrence R., &243 Southeast Twenty-sixth, Mercer 
Island, Washington 20M-/ 

Whitson, Lee S. Toro Manufacturing Corporation, 3042 Snelling 
Avenue, Minneapolis 6, Minnesota 38M-4 

Whitston, C. Wilson, 2400 Glen Canyon Road, Altadena, Cali- 
fornia 23M-4 

Whitt. Eugene P., Jr. 303 East Elmira, San Antonio 2, Texas 
39AF-4 

Whitt, Fred I., 16 Danbury S.W., Apartment 3, Washington 24, 
District of Columbia J/4A-2 

Whitt, Sidney A., 1004 South Willson, Bozeman, Montana (0M-3 

Whittaker, Charles B., 2464 Bradford Drive, York, Pennsylvania 
72A-2 

Wiberg, Harold E., United States Rubber Company, 5675 Tele- 
graph Road, Los Angeles, Califorma 23M-/ 

Wichie, Dorr J.. R.D. 1, Pine City, New York 48&A-/I 

Wicker, Homer F., Jr, 708 Dumont Drive, Richardson, Texas 
10A-1 

Wickham, William, 9419 Yorktown Drive, St. 
16A-2 

Wicks. Charl 
sourt J6M-4 

Wickstrom, LeRov A 
Illinois 25A-] 

Widener, Jackson Kv... Jr.. 2029 Wrightsboro Road, Augusta, 
Georgia 

Widmaier, Charles K., IIL, 3502 Apartment 2, Seventh Street, S.E., 
Washington 20, District of Columbia /]/4A-2 

Widoff, Stewart G., 11822 Cherry Avenue, Inglewood 2, California 
23A-l 

Wiedemer, Jack, The Gibson Art Company, 2100 Section Road, 
Cineinnat; 27, Ohio AM-4 

Wiegmann, Francis L., 8221 Laurel Drive, Baltimore 14, Mary- 
land 42A-2 

Wieland, Robert A. Jr.. 725 King Avenue, Marion, Ohio 0M-3 

Wiese, James A., 423 Van Roen Road, Utica, New York &5A-2 

Wiese, John M., 880 Lawn Court, Kirkwood 22, Missouri 16A-2 

Wiesehuegel, Richard E., 1421 Alvin Avenue, Williamsport, Penn- 
syilvania &VA-2 4 


Louis, Missouri 
346 Calvert Avenue, Webster Groves 19, Mis- 


1443 North Hudson Avenue, Chicago 10, 


March-April, 1960 


Wiesenfeld, W. Warren, P.O. Box 216, Livermore, California 
12A-2 

Wightman, Lester C., Technical Advisor, Hoener Boxes, In- 
corporated, 600 Morgan Street, Keokuk, fowa 0M-3 

Wilbert, Robert E., Eaton Manufacturing Corporation, 739 East 
One Hundred Fortieth Street, Cleveland 10, Ohio 7A-2 

Wilburn, Quentin 8., 1366 West Erie, Lorain, Ohio 7A-/ 

Wileox, John D., 1515 Washington Street, Muscatine, lowa 
46A-2 

Wildensten, Charles K., 462 Kentucky Avenue, Berkeley 7, Calli- 
fornia J2M-4 

Wilder, Guy E., 1120 South Fourth Street, Atchison, Kansas 
92M-4 

Wilding-White, Charles F. B., Rensselaer Polytechnic Institute, 
Troy, New York 0M-3 

Wildman, Sylvan R. Chairman, Standardization, Ordnance 
Weapons Command Headquarters, Rock Island, Illinow 
46M-4 

Wiles, Herman L., Jr. Manager, Metal and Standard Electron 
Tube Division, Hughes Aircraft Company, International Air- 
port Street, P.O. Box 90427, Los Angeles 45, California 
23M-4 
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AT IBM, RAPID RECOGNITION AWAITS those engineers who can 
improve computer manufacturing by applying new advanced tech- 


nological developments. Typical assignments now open include... 


Cost Estimators and Standards Engineers to estimate manufae- 
turing and engineering costs, develop estimating standards and 
write operation sequence sheets for the manufacture of compo- 
nents and subassemblies of complex data processing equipment. 


Quality Engineers to apply modern scientific and statistical en- 
gineering methods in reviewing designs and specifications used 
in the manufacture of advanced electronic computer systems; to 
analyze product specifications in order to generate quality speci- 
fications and design statistical quality-control methods. 


Test Engineers (Electronic) to plan and execute tests for the 
evaluation of electronic computer systems; to test computer sys- 
tems and recommend design and logic changes in order to 
improve system reliability. 


Semiconductor (Process) Engineers to develop manufacturing 
methods and techniques for production of transistors and other 
semiconductor devices. 


Electromechanical Designers to design high-speed electro- 
mechanical devices. Work involves magnetic circuit analysis, de- 
sign of test circuitry, and vibration analysis. 


Careers available in these related fields: Advanced Automation, 
Industrial Controls and Manufacturing Research and Methods. 


Qualifications: B.S. or M.S. in Industrial, Electrical, or Mechani- 
cal Engineering —or equivalent industrial experience. 


Manufacturing facilities are located in Endicott, Poughkeepsie, 
Kingston, and Owego, N.Y.; Rochester, Minnesota; Burlington, 
Vt.; Lexington, Ky.; and San Jose, California. 

Write, describing background and qualifications, to: 

Manager of Technical Employment 

IBM Corporation, Dept. 5880 

590 Madison Avenue 

New York 22, New York 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


American Institute of Industrial Engineers, Inc. 
145 North High Street 
Columbus 15, Ohio 


STEVENS RICE 
UNIVERSITY MICROF ELMS 


313 N. FIRST STREET 
ANN ARBOR, MICHIGAN Cc 


Industrial Engineering is concerned with the design, 
improvement, and installation of integrated systems of men, ma- 
terials and equipment; drawing upon specialized knowledge and 
skill in the mathematical, physical, and social sciences together with 
the principles and methods of engineering analysis and design, to 
specify, predict, and evaluate the results to be obtained from such 


systems. 
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